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PREFACE 


This  Memorandun  was  prepared  as  part  of  The  RATJD  Corporation's 
proGTEim  of  self- sponsored  research  in  the  public  interest.  In  addi¬ 
tion  to  its  work  for  the  United  States  Air  Force  and  other  government 
agencies,  The  RAITD  Corporation  regularly  sponsors,  with  its  own  funds, 
research  projects  in  areas  of  importance  to  nationed.  security  and 
public  welfare.  Such  research  is  considered  to  be  fundamentally  the 
responsibility  of  the  individuals  involved  in  the  project,  and  the 
conclusions  are  not  necessarily  endorsed  by  RAITD.  The  results  are 
published  in  the  hope  that  they  ma;,'  contribute  to  wider  understanding 
of  important  national  problems. 

The  present  study  focuses  on  the  possible  systci.i  choices 
implied  by  United  States  policy  to  establish  a  commercial  communica¬ 
tions  satellite  system  as  promptly  as  possible  and  to  extend  it  to 
provide  global  coverage  at  the  earliest  possible  date.  The  inter¬ 
national  political  implications  of  this  policy  ere  discussed  in  the 
companion  study  RM-SWU-RC,  Foreign  Participation  in  Comnunications 
Satellite  Systems:  Implications  of  the  Communications  Satellite  Act 
of  I9C2,  by  liurray  L.  Schwartz  euid  Joseph  M.  Goldsen.  And  background 
information  on  conventional  systems  is  given  in  RM-3^72-RC,  Submarine 
Telephone  Cables  and  International  Telecommunications,  by 
R.  T.  Nichols. 

The  key  technological  problem  is  that  of  satellite  reliability, 
for  without  sufficiently-  long  operating  lifetimes  in  orbit,  replace¬ 
ment  costs  would  make  any  satellite  system  too  expensive.  The  key 
economic  problem  is  that  of  demand,  for  the  minimum  costs  of  a  satel¬ 
lite  system  will  be  large,  and  the  circuit  capacities  provided  will 
represent  a  large  increment  over  existing  capacities.  Cost  estimates 
are  made  for  representative  stationary  and  nonstationary  active 
satellite  systems,  and  an  evolutionary  approach  is  suggested.  With 
the  expectation  that  stationary  satellites  would  be  adopted  when  they 
are  sufficiently  reliable,  an  early  regional  and  limited  global 
system  could  begin  with  siinple  random  satellites  in  mid-altitude 
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orbits  using  currently  available  launch  vehicles.  If  such  a  system 
were  put  in  operation  in  the  next  few  years,  it  could  begin  to  earn 
some  revenues  almost  immediately:  at  first  mainly  for  transatlantic 
services,  and  later  world  wide.  By  1970  reliable  stationary  satel¬ 
lites  might  be  already  phasing  into  the  system,  and  by  that  year, 
certainly  by  1975 ^  revenues  should  be  substantial.  Possible  loca¬ 
tions  for  the  ground  stations  in  early  regional  and  global  networks 
are  shown  in  Fig.  1. 

This  study  draws  to  a  considerable  extent  upon  earlier  research 
undertaken  by  RAITD  for  the  National  Aeronautics  and  Space  Adminis¬ 
tration,  and  we  are  grateful  to  NASA  for  permission  to  use  our 
previous  work  in  this  way.  The  views  here  c:cpre33ed  should,  of 
course,  in  no  way  be  interpreted  as  reflecting  the  official  opinion 
or  policy  of  NASA  or  any  of  the  other  sponsors  of  RAND  research. 
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I.  IHTROIXJCTION 


PURPOSE  OF  THE  STUDY 

The  Comorunlcatlons  Satellite  Act  of  1^62  states  that  "...  it 
is  the  policy  of  the  United  States  to  establish  ...  as  expeditiously 
as  practicable  a  conunercial  communications  satellite  system. ..." 

This  system  is  "to  be  made  available  as  promptly  as  possible  and  . . . 
to  be  extended  to  provide  global  coverage  at  the  earliest  practicable 
date . 

Ihe  purpose  of  the  present  study  is  to  throw  light  on  what  may 
be  "practicable"  in  terms  of  (l)  communications  satellite  technology, 
(2)  system  costs,  and  (3)  telecommunications  demand  and  system  rev¬ 
enues.  These  three  related  aspects  of  the  problem  are  considered 
separately  in  Sections  II,  III,  «md  IV  of  this  Memorandum. 

THE  KEI  TECHNOLOGICAL  PROBLEM;  SATELLITE  RELIABILITY 

If  cost  and  continuity  of  service  could  be  ignored,  it  mi^t  be 
possible  in  a  physical  sense  to  go  ahead  almost  at  once  with  the 
procurement  and  launching  of  communications  satellites  and  the  es¬ 
tablishment  of  one  or  more  satellite  communication  links.  Communi¬ 
cation  links  to  and  from  spacecraft  have  already  been  employed 
successfully  in  a  large  number  of  cases;  and,  as  shown  in  Table  1, 
five  U.S.  satellites  have  been  placed  in  orbit  with  the  specific 
purpose  of  providing  experimental  point-to-point  communications  be¬ 
tween  locations  on  the  earth's  exurface.  These  communications  satel¬ 
lites  have,  however,  all  been  strictly  experimental  in  purpose.  Hie 
four  active  satellites  died  or  suffered  malfunctions  and  Intem^ted 
service  in  a  matter  of  weeks  or  months. 

With  satellite  lifetimes  of  weeks  or  months,  the  cost 
of  regular  service  would  be  hi^  out  of  all  reason:  not  only  too 


Section  101  (a)  and  (b). 
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Table  1 

ACTUAL  LIFETIMES  OF  COMMUNICATIONS  SATELLITES 


Satellites 

Description  and  Remarks 

Effective 
Lifetime 
in  Orbit 

Active  Satellites 

Score 

A  low-altitude  active  repeater 
launched  on  Dec.  15,  1958-  Effective 
lifetime  limited  by  bfittery  power. 

30  days 

Courier 

A  low-altitiide  active  repeater 
launched  on  Oct.  4,  i960.  Effective 
lifetime  limited  by  failure  of  com¬ 
mand  link.  Repeater  could  not  be 
turned  on  again. 

18  days 

Tel star 

A  mid-altitude  active  repeater 
launched  on  Jtily  10,  I962. 

Failure  of  command  link  after 
about  120  days,  later  corrected. 

Relay 

A  mid-altitude  active  repeater 
launched  on  Dec.  l4,  1962.  Failed  to 
operate  initially  because  of  power 
subsystem  malfunction,  later  corrected. 

Passive  Satellite 

Echo  I 

A  spherical  passive  reflector,  launched 
on  A\ig.  12,  i960,  euid  still  in  orbit. 

The  surface  is  now  wrinkled  and  has 
lost  some  effectiveness  as  a  reflector 
but  is  still  usable. 

2+  years 

Note; 

The  meteor ologi cell  satellites  in  the  Tiros  series  have  about 
the  same  coniplexlty  of  design  as  the  active  communications  satel¬ 
lites  and  have  displayed  about  the  same  reliability:  one  subsystem 
or  another  failed  to  operate  effectively  after  a  few  months  in  orbit. 
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h±gh  in  relation  to  competing  telecommunications  systems,  but  too 

to  be  "practicable"  Judged  by  almost  any  criteria.  At  the  pre¬ 
sent  time  it  is  impossible  to  say  with  confidence  exactly  what  a 
minimally  acceptable  standard  of  reliability  would  be,  for  there  are 
many  other  technlceLL  and  economic  variables  to  be  considered.  But 
it  seems  clear  that  we  are  talking  about  a  requirement  for  satellites 
vith  an  effective  lifetime  measured  in  years  rather  them  weeks  or  months. 

PROBLEMS  OF  INTERNATIONAL  COOKPINATION 

Even  if  the  outstemding  problems  of  communications  satellite 
design  were  solved  eind  reliable  on-board  components  were  already 
production  items,  there  might  conceivably  be  delays  of  several  yeeurs 
in  negotiating  the  international  agreements  necessary  for  a  regional 
or*  global  commercial  network.  These  problems  axe  being  studied  by 
others,  and  we  will  not  discuss  them  in  detail,  but  their  existence 
slioxild  be  recognized  here  because  they  could  affect  the  date  of  ini¬ 
tial  operations. 

First,  there  are  problems  connected  with  the  international  al¬ 
location  of  the  radio  frequency  spectrum.  The  allocation  of  fre¬ 
quency  bands  for  operational  communications  satellite  systems  will 
be  governed  by  international  agreement.  The  subject  will  be  con¬ 
sidered  at  the  Extraordinary  Administrative  Radio  Conference  for 
Space  Communication  to  be  held  in  Geneva  in  October  1963.  There  is 
general  agreement  that  on  technical  grounds  frequencies  between 
1000  mc/s  euid  10,000  mc/s  are  most  advanteigeous  for  communications 
satellite  systems.  Frequencies  above  10,000  mc/s  will  be  of  interest 
later  on. 

The  United  States  has  been  preparing  proposals  to  be  presented 
as  the  basis  of  agreement,  suid  these  proposals  may  be  summarized  as 
follows : 


^For  example,  Murray  L.  Schwartz  and  Joseph  M.  Goldsen,  Foreign 
Participation  in  Communications  Satellite  Syste^:  Implications  of 
the  Communications  Satellite  Act  of  19^2,  RM-3^8^-RC,  ^Tie  RAND 
Corporation,  February  1963- 
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(1)  Recognizing  that  conununl cations  f8u:llltles  have  been  ra¬ 
pidly  expending,  and  that  communications  satellite  services  are 
likely  to  do  so,  the  United  States  considers  It  Important  to  allocate 
adequate  spectirum  space  to  communications  satellites  to  meet  foresee¬ 
able  needs  up  to  the  year  1975  at  least. 

(2)  The  necessary  spectrum  space  can  and  shoTild  be  allocated 
without  waiting  for  full  knowledge  of  all  the  system  design  parameters 
that  may  be  employed  In  future  operational  systems. 

(3)  The  United  States  Is  expected  to  propose  that  2975  mc/s 
of  spectrum  space  In  the  Interval  between  3700  and  84-00  mc/s  shoxild 
be  allocated  to  the  comouxilcatlons  satellite  service,  principally 

on  a  shared  basis  with  existing  services.  A  set  of  sharing  criteria 
will  also  be  proposed. 

A  second  type  of  International  problem  concerns  the  general 
nature  and  characteristics  of  a  world -wide  satellite  communications 
system  Intended  ultimately  to  serve  the  needs  of  all  countries.  There 
are  competing  views  especially  about  the  best  method  of  ownership  and 
control  of  such  a  system.  Some  countries  may  desire  their  own  national 
systems  In  competition  with  a  U.S.  system.  Some  may  favor  a  truly 
international  agency  rather  than  a  corporation  established  under  U.S. 
legislation  and  Intended  to  serve  both  U.S.  and  international  purposes. 
Some  may  hope  to  transform  an  American  corporation  into  an  international 
organization,  or  to  subordinate  It  to  em  international  consortia, 
nie  course  of  negotiation  may  not  be  easy  and  could  be  time-consuming. 

Third,  and  quite  apaz^  from  the  more  general  international  prob¬ 
lems  hinted  at  above,  there  will  be  specific  problems  requiring  nego¬ 
tiation  with  foz*elgn  corporations  and  agencies  of  foreign  governments, 
paarticularly  the  governments  of  countries  in  ^ich  terminal  stat^  ..us 
would  be  located  initially.  While  bilateral  agreements  for  experi¬ 
mental  stations  have  not  been  difficult  to  achieve,  on  an  interim 
basis,  the  more  permeuient  and  detailed  technical  emd  fineincisd  agree¬ 
ments  needed  to  support  a  full-time  regional  or  global  service  may 


require  considerable  effort  to  achieve. 


SYSTEM  CHARACTERISTICS  AND  THE  BASIC  CHOICES 

The  major  technological  problem  is  the  problem  of  satellite 
reliability — of  sufficiently  long  working  lifetimes  in  orbit  so  that 
the  satellite  replacement  rate  is  acceptably  low.  This  is  the  key 
problem  whatever  the  other  characteristics  of  the  system  may  be,  and 
therefore  in  Section  II  we  fix  oxir  attention  on  the  reliability  problem 
and  related  aspects  of  satellite  technology.  Here  we  will  briefly 
outline  the  general  characteristics  of  the  various  satellite 
communications  systems. 

Active  Versus  Passive  Satellites 

The  role  of  the  satellite  in  the  commvinications  link  is  the  basis 
of  a  fundamental  distinction.  If  the  satellite  receives  radio  signals 
from  one  station  and  merely  reflects  them  back  toward  other  stations, 
its  role  is  passive,  euid  the  satellite  and  system  are  said  to  be 
"passive.”  An  "active"  satellite,  on  the  other  hand,  receives, 
amplifies,  and  sends  radio  signals;  and  for  this  purpose  it  possesses 
a  more  or  less  complex  electronic  mechanism  and  possibly  other  con^ionents. 
Although  the  Echo  passive  satellite  was  successful  in  several  respects, 
it  is  generally  assumed  that  the  future  lies  with  the  active  systems. 

In  our  opinion  the  issue  should  not  be  foreclosed,  and  in  Section  II 
we  return  to  it  briefly. 

Orbits,  Altitudes,  and  Ground  Stations 

While  anj'  number  of  orbital  configurations  can  be  imagined,  from 
the  point  of  view  of  terminal- station  design  the  inportemt  distinc¬ 
tion  is  between  "stationary"  satellites  and  other  satellites. 

Stationary  satellites  occupy  a  fixed  point  in  the  sir/-  as  seen  from 
a  peirticular  ground  station,  and  the  station  antennas  can  therefore 
be  designed  for  fixed  rather  than  moving  mounts.  Satellites  in 
other  types  of  orbits  move  fran  horizon  to  horizon  as  seen  from  a 
ground  station,  and  for  these  the  station  antennas  must  be  designed 
for  tracking  the  satellites  across  the  sky.  Other  things  being  equal, 
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tracking  antennas  are  more  costly  to  construct  and  install  than  fixed 
antennas.  But  tracking  antennas  have  the  advantage  that  they  can  be 
used  for  all  types  of  satellites,  including  stationary  satellites. 
They  are  thus  more  flexible  in  use,  and  this  flexibility  may  be  worth 
paying  for  in  the  early  years  of  communications  satellite  develop¬ 
ment. 

The  orbit  for  stationary  satellites  is  uniquely  defined:  it 
lies  in  the  earth's  equatorial  plane  at  an  altitude  ( 19^300  nautical 
miles)  such  that  the  satellite  moves  with  the  same  angular  speed  as 
the  eeirth's  sxirface,  and  thus  makes  one  revolution  about  the  earth's 
axis  every  2k  hours.  Compared  with  most  alternatives,  this  is  a 
hi^-altitude  orbit,  and  as  a  stationary  satellite  must  be  placed 
in  orbit  with  a  high  degree  of  accuracy  with  respect  to  altitude, 
speed,  euid  direction,  a  large  booster  and  first-class  guidance  are 
required.  Moreover,  to  overcome  the  effects  of  natural  perturba¬ 
tions,  location -keeping  devices  are  required  on  board  stationary 
satellites,  and  these  devices  Increase  satellite  wei^t  and  com¬ 
plexity.  No  satellite  of  any  kind  has  yet  been  placed  in  sta¬ 
tionary  orbit. 

For  nonstationary  satellites  many  different  orbital  configura¬ 
tions  have  been  proposed.  In  general  these  provide  in  one  way  or 
another  for  a  succession  of  satellites  to  pass  through  the  8x>ace 
simultaneously  visible  from  each  of  two  ground  stations,  so  that  there 
will  almost  always  be  at  least  one  satellite  that  is  "mutually  vis¬ 
ible"  from  the  two  stations  and  therefore  available  to  relay  signals 
from  one  to  the  other. 

Proposals  for  nonstationary  satellite  systems  usually  provide 
for  orbital  altitudes  considerably  lower  than  the  19,300  nautical 
miles  reqxiired  for  stationary  satellites,  euid  can  permit  greater 


^Sometimes  stationary  satellites  are  referred  to  as  "24-hour" 
or  "synchronous"  satellites,  but  we  prefer  the  term  "stationary" 
because  it  suggests  more  clearly  the  relationship  between  the  satel 
lite  and  its  ground  stations. 
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margins  for  error  in  their  orbital  placement.  Thus,  they  make  less 
rigorous  demands  on  rocket  and  guidance  technology,  and  cost  less 
per  poxmd  of  satellite  placed  in  orbit. 

Number  of  Satellites  and  Continuity  of  Service 

Generally  speedcing,  a  satellite  provides  less  coverage  at  low 
than  at  high  altitudes.  In  all  nonstationary  systems,  however,  a 
nvimber  of  satellites  are  reqviired  to  perform  the  functions  of  a 
single,  functioning,  stationary  satellite.  As  a  nonstationary  satel¬ 
lite  moves  away  and  ceases  to  be  visible  from  a  given  pair  of  ter¬ 
minal  stations,  another  satellite  must  come  over  to  replace  it. 

The  number  of  satellites  required  in  nonstationary  systems  de¬ 
pends  upon  several  factors: 

(1)  the  orbital  altitude  of  the  satellites  and  the  latitudes 
of  the  ground  stations  and  the  distances  between  them;^ 

(2)  the  configuration  of  the  orbits,  for  example,  whether  equa¬ 
torial  or  polar; 

(3)  the  distribution  of  satellites  within  the  orbits,  that  is, 
whether  remdom  or  controlled  by  on-board,  position-keeping 
devices;  and 

(4)  the  continuity  of  service  or  percentage  of  in-service  time 
required. 

In  general  it  can  be  said  that  the  number  of  nonstationary  satellites 
required  varies  within  wide  limits  depending  on  the  characteristics 
of  the  system,  ranging  from  four  to  forty  or  more  satellites. 

Within  the  area  of  its  coverage,  a  single  stationary  satellite 
can  provide  continuous  service  between  any  two  stations  but  for 


■^e  niimber  of  ground  stations  and  their  longitudes  are  of  sec¬ 
ondary  lo^rtance  in  determining  the  nuinber  of  satellites  required 
In  nonstatlonsuy  systems,  and  In  general  a  nonstationary  satellite 
system  that  serves  one  region  can  serve  other  regions  simultaneously 
without  reqvilring  additional  satellites. 
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systems  with  lower  (or  hl^er)  orbital  altitudes,  a  number  of  satel¬ 
lites  miist  be  kept  simultaneously  in  orbit  to  provide  something  like 
continuous  station-to-station  service-  One  of  the  great  advantages 
of  the  stationary  satellite  concept  is  that  only  one  functioning 
satellite  is  needed  to  provide  broad  regional  coverage,  and  three 
could  serve  a  world-wide  network  of  stations  covering  the  whole  globe 
except  for  the  polar  regions. 

In  what  follows  we  have  chosen  as  a  typical  first -generation 
nonstationary  system  one  with  satellites  remdomly  distributed  in 
polar  orbits^  of  about  6000-nautlcal-mlle  altitude.  This  is  not 
offered  as  being  necessarily  a  single  best  choice,  but  we  believe 
it  is  a  reasonable  choice  if  one  is  seeking  an  eeurly  operational 
system,  and  we  use  it  as  one  of  the  basic  systems  in  the  cost  com¬ 
parisons  given  in  Section  III.  The  6000-nauticaJ. -miles  altitude 

gives  good  coverage  and  this  altitude  should  be  easy  to  attain  with 

2 

present  booster  technology;  and  the  satellites  themselves  are  re¬ 
latively  single,  without  the  complication  of  on-board  position- 
keeping  equipment.  This  system,  which  we  will  refer  to  from  now  on 
as  the  random  system,  makes  much  less  severe  demands  on  technology 
than  would  a  stationary  system,  and  might  therefore  be  brou^t  into 
operation  a  number  of  years  earlier. 


^In  this  orbital  configuration,  the  satellites  are  initially 
placed  in  orbit  in  planes  perpendiculeu:  to  the  earth's  equatorial 
plane.  To  a  first  approximation,  these  orbital  planes  remain  fixed 
in  inertial  space,  but  because  the  eeurth  rotates  underneath  the 
satellites,  some  satellites  in  each  orbit  become  visible  from  every 
point  on  the  earth's  surface  during  the  course  of  the  day. 

2 

If  the  Atlas-Agena  or  a  more  powerful  booster  is  used,  a 
number  of  satellites  (perhaps  three  or  four)  can  be  launched  with 
the  same  vehicle. 
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Satellite  reliability,  ve  have  said,  is  the  key  technological, 
problem.  For  stationary  satellites,  it  is  also  the  key  to  the  number 
of  satellites  required  in  orbit.  If  only  a  single  s-tatlonaxy  satel¬ 
lite  is  in  place  and  it  stops  functioning,  service  cciaes  to  an  end 
throughout  the  whole  region,  and  other  regions  will  also  suffer  in 
so  far  as  they  depend  on  the  failed  satellite  to  rel^  signals  from 
one  region  to  smother.  As  all  the  steps  necessary  tcput  a  replace¬ 
ment  in  orbit  would  take  days  If  not  weeks  to  accomplish,  a  failure 
of  this  kind  would  be  little  short  of  catastrophic:  it.  would  impose 
unacceptably  long  (although  perhaps  infrequent)  disconfcinviities  in 
service. 

For  this  reason,  neeurly  every  proposed  stationajy  system  pro¬ 
vides  for  spare  satellites  to  be  constantly  in  place  in  orbit.  The 
nunber  of  spares  in  orbit  varies  with  the  system  designer's  esti¬ 
mate  of  satellite  lifetimes  and  his  assessment  of  the  standard  of 
continuity  required.  One  current  design  calls  for  15  satellites  for 
a  global  network.  But  this  design  is  intended  to  provide  for  a 
higher  standard  of  service  continuity  than  would  be  generally  re¬ 
quired  for  commercial  telecomimanications.  For  commercial  purposes, 
at  least  1  speure  per  region  would  certainly  be  required,  and  pos¬ 
sibly  (if  satellite  lifetimes  are  short)  2.  Thus,  depending  on 
satellite  technology,  it  woxild  appear  that  a  global  system  using 
stationary  satellites  would  require  3  satellites  in  service  plus  em 
euiditional  3  or  6  as  orbiting  speures. 

One  impoirtant  difference  between  random  and  sta-tlonary  systems 
is  that  in  the  random  system  the  same  number  of  satellites  will  serve 
both  regional  and  global  networks.  That  is,  with  random  satellites, 
a  regional  network  can  be  expeuaded  to  encompass  the  globe  without 
reqviiring  more  satellites  in  orbit;  all  that  is  neeied  is  the  in¬ 
stallation  of  euiditional  ground  stations. 
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For  the  random  system,  the  problem  of  service  continuity  is  not 
a  matter  of  long  and  sudden  outages;  it  is  a  question  of  short  delays 
occurring  predictably  several  times  a  deiy.  These  delays  would  be 
somewhat  like  the  delays  encountered  in  making  a  radiotelephone  call 
or  in  placing  a  transatlantic  telephone  call  during  a  busy  period. 

But  these  delays  with  the  random  system  would  be  precisely  predict¬ 
able,^  and  this  suggests  that  they  could  be  handled  in  such  a  way  as 
to  reduce  the  delay  apparent  to  the  customer.  Table  2  shows  how 
these  delays  would  be  related  to  the  number  of  random  satellites  in 
orbit.  The  question,  How  many  satellites  are  needed?  then  resolves 
itself  into  a  question  of  the  percentage  of  in-service  time  required. 
It  is  readil;y'  seen  that  in  the  random  system  the  failure  of  a  single 
satellite  (or  even  of  several  satellites)  produces  only  a  slight 
degradation  of  service,  easily  tolerated  'ontil  a  replacement  could  be 
put  in  orbit. 

We  do  not  know  how  to  decide  in  the  abstract  what  minimum  per¬ 
centage  of  in-service  time  would  be  required  for  successful  commercial 
operations,  but  we  are  inclined  to  thini:  that  predictable  outages  of 
20  or  25  per  cent  would  be  acceptable  at  the  beginning.  Over  heavilj' 
traveled  routes  the  system  would  initially  be  used  to  supplement 
submarine  telephone  cables  and  other  existing  ir.eans  of  telecommuni¬ 
cations.  The  cables  could  continue  to  handle  high-priority  telephone 
conversations  and  other  messages  for  which  delays  would  not  ue 
acceptable,  while  recoid  and  data  messages  (both  commercial  and 
r.iilltary)  and  other  traffic  that  routinely  queues  for  transmission 
could  be  econoioicolly  diverted  to  the  satellite  system.  As  traffic 
increased  over  the  satellite  system  and  the  need  for  greater  con¬ 
tinuity  and  more  channels  made  itself  felt,  the  number  of  satellites 
could  be  Increased.  And  this  .might  become  increasingly  more  econom¬ 
ical.  as  advsuices  in  technology  made  longer  satellite  lifetimes 
possible. 

In  short,  we  think  a  random  system  could  begin  with  as  few 
as  6  to  9  satellites  in  orbit  (73*7  to  86.5  per  cent  in-service 
time) .  As  demands  arise  for  more  continuous  service,  the  system 


,  of  course,  for  those  due  to  satellite  failures. 


CONTINUITY  OF  SERVICE  VERSUS  NUMBER  OF  SATELLITES  IN  POLAR  ORBIT r 
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40-50  degrees  north  latitude.  For  links  of  the  same  distance  outages  would  be  sli^tly  more  frequent 
toward  the  equator  euid  less  frequent  toward  the  pole. 

^Bie  nuitft>er8  are  shown  as  multiples  of  three,  because  it  is  escpected  that  three  satellites  can  b< 
orbited  simultaneously  by  the  same  launch  vehicle. 

One  or  more  satellites  simultaneously  visible  from  both  termlneuL  stations. 
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ml^t  Increase  the  number  of  satellites  to  12  or  l8  (93*1  or  98*2 
per  cent  in-service  time).  With  in-service  times  of  90  per  cent  or 
over  we  think  the  satellite  system  mij^t  compete  very  effectively 
with  submarine  cables  even  for  voice  traffic.  But  for  certain  types 
of  priority  telephone  calls  euid  military  command  and  control  traffic, 
even  l8  reuidom  satellites  might  not  provide  sufficiently  continuous 
service:  30  or  even  36  satellites  mi^t  be  required.  This  require¬ 
ment  would  double,  triple,  or  even  quadruple  the  satellite  compo¬ 
nent  of  the  system  cost,  and  for  this  reason,  among  others,^  we  have 
not  considered  traffic  of  this  kind  as  playing  a  role  in  the  initial 
commercial  operations  of  the  system.  In  Section  III  we  offer  cost 
estimates  for  the  random  system  employing  6,  9»  l8»  and  36  satellites. 


Lonal  and  Global  Networks 


The  Communications  Satellite  Act  of  I962  states  that  a  global 
communications  system  is  desired  at  the  "earliest  practicable  date." 
But  the  Act  clearly  envisions  an  evolutionary  development:  a  partied 
or  regional  system  will  be  made  available  "as  promptly  as  possible," 
emd  then  "extended  to  provide  global  covereige." 


Where  should  the  first  regional  network  be  established?  The 
answer  to  this  seems  clear.  The  first  regioned  system  sho\dd  serve 
the  Atlantic  community — North  America  and  Western  Europe  and  probably 
part  of  South  America  also.  There  are  two  reasons  for  this  conclu¬ 
sion: 


First,  the  Atlantic  region  is  already  provided  with  a  number  of 
satellite  terminal  stations.  These  were  built  primarily  for  testing 
experimental  satellites,  but  the  ground  equipment  needed  for  satellite 
communications  is  technologically  stralghtforwcurd  in  character,  and 


"roere  wovdd  probably  be  little  foreign  opposition  to  the  carry¬ 
ing  of  routine  military  traffic  of  the  kind  now  handled  commercially; 


but  military  command  and  control  traffic  could  raise  international 
problems.  See  Schwartz  and  Goldsen,  op.  clt.,  pp.  21-26. 
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the  experimental  stations  should  be  convertible  for  routine  opera¬ 
tional  use  without  much  difficulty-  All  these  existing  stations  in¬ 
corporate  tracking  antennas,  and  they  could  therefore  be  xised  with 
either  stationary  or  nonstationary  satellite  systems. 

Second,  according  to  the  evidence  given  below  in  Section  IV,  the 
traffic  on  the  North  Atlantic  route  will  be  pushing  capacity  by  1965 
or  1966,  and  additional  channels  will  be  needed  there  before  the  need 
arises  elsewhere.  Moreover,  this  route  appears  to  have  the  greatest 
telecommunications  revenue  potential  for  many  years  to  come.  It 
brings  together  the  two  areas  with  the  most  hi^ly  developed  inter¬ 
nal  communications  facilities;  North  Aiaerlca  and  Europe  together 
possess  nearly  90  per  cent  of  the  world's  telephones. 

As  shown  in  Table  3>  there  are  now  two  stations  on  the  eastern 
seaboard  of  the  United  States,  four  in  Western  Europe,  and  one  in 
South  America.  Without  committing  ourselves  to  these  particular 
locations^  or  station  characteristics,  we  think  that  two  U.S.  and 
five  foreign  stations  constitute  a  suitable  nucleus  for  the  Atlantic 
region,  and  in  Section  III  we  offer  coat  estimates  for  a  seven- 
station  regional  network.  To  bring  it  into  operation  the  mad.n  thing 
needed  is  the  orbiting  elements  of  the  system — the  communications 
satellites  themselves.  This  conclusion  emphasizes  again  that  the 
key  problem  is  satellite  technology. 

In  going  from  a  regional  to  a  world-wide  system,  it  seems  desir¬ 
able  to  distinguish  between  a  first-generation  global  network  on  the 
one  hand  euid  more  extended  networks  on  the  other.  A  first-generation 
or  minimum  global  network  need  not  have  a  large  number  of  stations, 
but  it  seems  reasonable  to  expect  it  to  provide  seinriLce  around  the 
globe  and  to  include  at  least  one  terminal  station  in  Africa,  Asia, 


we  should,  for  example,  prefer  to  have  one  of  the  U.S.  stations 
farther  south,  possibly  in  Florida.  In  Europe  peihaps  three  stations 
would  be  enou^  at  present,  and  two  (rather  than  one;  might  be  desir¬ 
able  in  South  America. 


Table  3 

COMMUNICATIONS  SATELLITE  TERMINAL  STATIONS,  I962® 


Location  Antenna  Size 


Eastern  United  States 


(1) 

Andover,  Maine 

horn 

60 

ft  by  60  ft 

(2) 

Nutley,  New  Jersey 

dish 

40 

ft  dieuneter 

Western  Europe 

(3) 

Goonhllly  Downs,  England 

dish 

85 

ft  diameter 

(M 

Pleumeur-Bodou,  Preuice 

horn 

60 

ft  by  60  ft 

(5) 

Raistlng,  West  Germany 

dish 

85 

ft  diameter 

(6) 

Puclno,  Italy 

dish 

30 

ft  diameter 

South  America 

(7) 

Rio  de  Janeiro 

dish 

30 

ft  diameter 

Western  United  States 

(8) 

Mojave,  California 

dish 

40 

ft  diameter 

Note; 

Ve  stations  listed  here  were  intended  primarily  for  testing 
and  vary  somewhat  in  a  number  of  characteristics;  the  antenna  size 
is  probably  the  most  important  characteristic,  for  it  prioaurily  de¬ 
termines  the  beuidwidth  capacity  of  the  station. 

Plans  €u:e  underway  for  the  construction  of  a  station  In  Japan, 
and  in  the  United  States  several  agencies  of  the  Depcurtment  of  De¬ 
fense  possesses  stations  (not  listed  here)  for  use  with  coomunlca- 
tlons  satellites. 
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Australla,  and  the  Near  East,  as  well  as  in  Europe  and  North  and 
South  America.  A  hypothetical  system  of  this  kind  is  shown  in 
Fig.  1  (Preface,  p.  v).  To  the  initial  seven-station  regional  net¬ 
work  serving  the  Atlantic  area,  there  would  be  added  two  more  U.S. 
stations  (West  Coast  and  Hawaii)  and  seven  more  foreign  stations 
(japan,  the  Philippines,  AtistraJLla,  India,  Turkey,  Africa,  and 
either  Scandinavia,  Eastern  Europe,  or  the  Soviet  Union)  making  a 
totskl  of  four  U.S.  Sind  twelve  foreign  stations.  For  the  cost  com¬ 
parisons  in  Section  III,  we  define  these  sixteen  stations  as  con¬ 
stituting  a  first-generation  global  network.  Obviously,  we  ml^t 
have  chosen  a  number  slightly  larger  or  smaller  or  varied  the  lo¬ 
cations  of  the  stations,  but  differences  of  this  kind  would  laot 
significantly  change  the  result. 

We  will  not  atten5)t  to  describe  a  second-generation  or  extended 
global  network  in  detail,  for  there  are  too  many  uncertainties  about 
the  number  euad  location  of  ground  stations.  Even  before  the  first- 
generation  system  is  fully  in  operation,  we  expect  new  stations  to 
be  planned,  and  the  total  liiaked  into  the  system  may  rise  fairly 
rapidly.  It  would  be  rash  to  set  anything  like  an  upper  limit  to 
the  number  of  stations  ultimately  included,  for  political  considera¬ 
tions  overseas  may  be  as  influential  as  economic  ones;  and  foreign 
aid  to  the  emerging  nations  may  make  it  possible  for  them  to  acq\iire 
their  own  terminal  stations  before  they  might  otherwise  do  so. 

As  pointed  out  elsewhere,  the  location  of  terminal  stations  is 
potentially  a  very  sensitive  international  issue.  By  rneems  of 
groxmd  lines  and  existing  cables,  all  the  world's  populated  areas 
might  be  linked  into  global  satellite  system  with  relatively  few 
satellite  terminal  stations.  A  limited  system  of  this  kind  might 
meike  the  most  economic  use  of  the  world's  resources;  but,  primarily 
because  of  political  considerations  in  the  various  countries 
concerned,  the  number  of  stations  built  is  likely  to  exceed  the 
economically  efficient  number. 


Schwartz  and  Goldsen,  op.  cit.,  p.  5^* 
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These  problems  are  outside  the  scope  of  the  present  study,  which 
focusses  on  the  initial  regional  and  first -generation  global  systems. 
However,  the  size  of  the  global  network  (in  terms  of  numbers  of  ter¬ 
minal  stations)  could  be  one  of  the  inqportant  factors  affecting  the 
choice  of  system.  There  are  two  somewhat  opposing  considerations: 

(1)  As  already  pointed  out,  with  a  random  satellite  system  the 
same  number  of  satellites  would  sez*ve  both  a  regional  and  a  global 
network  of  termineLl  stations.  Thus  the  trsuisition  from  regional  to 
global  service  would  reqtiire  only  the  construction  of  additional 
terminals. 

(2)  For  the  random  system,  however,  each  terminal  station  is 
considerably  more  expensive  than  for  the  stationary  system.  As 
shown  in  Section  III,  the  relative  cost  of  the  two  systems  (includ¬ 
ing  the  orbiting  satellites  and  all  the  domestic  and  overseas  ter¬ 
minal  stations)  wo\ild  be  dominated  by  the  relative  costs  of  the  sta¬ 
tions  if  they  became  sufficiently  numerous. 

Satellite  Channel  Capacity 

In  cociparinG  the  costs  of  submarine  cables  with  various  satel¬ 
lite  systems,  the  basis  of  earlier  comparisons  was  annual  cost  per 
channel  of  service  provided.  But  relative  to  cables  the  cost  ad¬ 
vantages  of  satellites  can  now  be  taken  as  generally  accepted  in 
principle,  and  the  question  is  not  how  satellites  compare  with  con¬ 
ventional  systems,  but  how  one  satellite  system  compares  with  another. 

In  comparing  the  various  satellite  systems  resLLizable  in  the  near 
future,  we  doubt  that  circuit  capacity  as  such  shovild  be  a  dominating 
criterion  of  choice.  Any  commercled.  satellite  system  that  comes  into 
operation  in  the  next  few  years  is  likely  to  possess  excess  capacity. 
And  whatever  the  type  of  system,  its  capacity  can  be  expected  to  in¬ 
crease  fairly  rapidly  as  a  result  of  advauaces  in  satellite  tech¬ 
nology.  For  the  next  10  years  at  least,  we  expect  that  sufficient 
demand  rather  than  sufficient  capacity  will  be  the  relevant  problem.  If 
this  is  so,  we  are  Justified  in  fixing  attention  directly  on  system 
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cost  (rather  than  cost  per  channel)  as  the  important  cost  criterion. 
Moreover,  the  estimated  system  costs  are  probably  ranch  more  reliable 
figures  than  the  estimated  costs  per  channel,  for  there  are  very  large 
uncertainties  (as  large  as  factors  of  two  or  three  or  four)  about  the 
circuit  capacities  that  will  be  possible  with  some  electronic  components 
under  developnent . 

Apart  from  the  technological  uncertainties,  there  are  considerable 
difficulties  in  coni)arlng  the  station- to- station  circuit  capacities  of 
different  systems,  for  these  capacities  depend  upon  the  type,  number, 
and  location  of  the  terminal  stations  as  well  as  the  characteristics 
of  the  satellites  themselves.  Miltiplying  satellite  capacity  by  the 
number  of  working  satellites  in  orbit  sets  an  upper  limit  to  the 
quantity  of  station-to- station  channels  conceivably  available  from  the 
orbiting  elements  of  a  system.  Thus,  a  system  with  12  random  satel¬ 
lites  of  2l0  voice  channels  each  would  have  2880  as  the  maximum  number 
of  station- to- station  voice  channels;  and  a  system  with  one  stationary 
satellite  of  2000  voice  channels  would  have  2000  as  the  maximum.  But 
with  the  random  system  the  maximum  number  could  be  approached  only  with 
a  widespread  global  network  of  many  terminals  so  located  as  to  allow 
full  time  use  of  aJJ.  satellites.  Whereas  \/lth  the  stationary  system  the 
mascimum  could  be  attained  within  a  single  regional  network  or  even  with  a 
single  pair  of  terminals.  Therefore,  to  speak  precisely  about  the  capacity 
of  two  systems  it  is  necessary  to  specify  the  terminal  network  in  con¬ 
siderable  detail. 

In  general  it  can  be  said  that,  for  anything  like  full  utili¬ 
zation  of  satellite  capacity,  the  stationeury  system  would  allow  for 
greater  flexibility  in  the  number  and  choice  of  terminal  stations, 
as  well  as  for  heavier  traffic  between  any  pair  of  stations.  For  a 
first-generation  global  network,  however,  these  considerations  wovild 
not  appear  to  weigh  seriously  against  the  random  system,  for  it 
would  probably  have  cidequate  capacity  even  for  the  routes  with 
heaviest  traffic.  The  evolutionary  approach  would  seem  to  be  called 
for.  If  a  random  system  is  chosen  at  the  beginning  beca\ise  of 
eetrlier  availability  aind  lower  system  cost,  it  could  be  supplemented 
later  on  by  stationary  satellites:  in  the  first  instance,  by 


-l8- 


stationeuy  satellites  sejrving  the  region  with  heaviest  station-to- 
station  traffic. 

The  U.S.  proposals  for  the  international  allocation  of  frequency 
hands  for  communication  satellite  systems  were  referred  to  earlier. 

An  estimate  of  the  number  of  channels  that  would  be  provided  by  the 
proposed  2975  megacycles  of  spectrum  space  may  be  of  Interest.  An 
upper  limit  cotild  be  obtained  with  a  modulation  technique  in  the 
commxinl cation  satellite  system  which  uses  frequency  spectrum  most 
efficiently  (single  sideband  transmission  to  and  from  the  satellite). 
In  this  case,  approximately  200,000  duplex  voice  channels  co\ild  be 
accommodated.  But  in  early  systems,  modulation  methods  are  likely 
to  be  en^jloyed  that  make  most  efficient  use  of  the  satellite  power. 
This  consideration  leads  to  wideband  modulation,  that  is,  the 
occupied  bandwidth  may  be  about  20  times  larger  thaua  the  minimum 
required.  On  this  basis,  implementation  of  the  U.S.  proposal  would 
allow  for  as  many  as  about  10,000,  station-to-statlon  duplex  voice 
channels  in  any  given  geographical  region  (say  the  Atlantic),  and 
an  equal  number  in  other  regions  (say  the  Pacific)  sufficiently 
remote  so  that  there  would  be  no  mutual  interference. 

R8cD  HEEDS  AND  COSTS 

Research  emd  development  in  8x>eu:e  communications  in  the  United 

States  has  hitherto  been  supported  by  the  National  Aeronautics  emd 

Space  Administration  (mainly  through  H&D  contracts)  and  by  the 

Department  of  Defense,  as  well  as  directly  by  industry,  for  exaii5>le, 

by  AT8cT.  There  is  nothing  in  the  Communications  Satellite  Act  of 

1962  that  requires  a  major  change  in  this  pattern  of  support.  The 

communications  satellite  corporation  established  under  the  Act  is 

authorized  to  engage  in  R&D,  and  the  Act  directs  NASA  to  cooperate 

2 

in  R&D  to  the  extent  deemed  by  NASA  to  be  in  the  public  Interest. 
Presumably  NASA's  support  in  this  way  will  not  be  charged  to  the 


Sections  305(a),  (b)(1). 
^Section  201  (b)(2). 
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Corporation,  althoiigh  it  appears  that  satellite  launchings  requested 
by  the  Corporation  for  its  own  R&D  program  will  be  furnished  by  NASA 
on  a  reimbursable  basis. ^ 

We  assume  that  the  major  bxirden  of  R&D  expenses  in  the  space  com¬ 
munications  field  will  continue  to  be  carried  by  government  agencies, 
at  any  rate  during  the  immediate  future,  and  in  the  cost  estimates 
presented  in  Section  III,  R&D  is  not  included  as  an  element  of  sys¬ 
tem  cost.  This  does  not  imply  that  the  cost  of  futvure  R&D  in  this 
field  will  be  negligible;  on  the  contrary,  much  remains  to  be  done 
and  it  will  be  costly.  Nor  does  it  imply  that  R&D  will  be  eqvially 
costly  for  all  systems.  But  it  does  seem  probable  that  for  the  time 
being  most  of  the  R&D  needed  will  be  accomplished  as  part  of  con¬ 
tinuing  programs  conducted  in  the  public  interest  for  one  reason  or 

2 

another  by  NASA  and  the  Department  of  Defense. 

Although  the  Corporation  benefits  in  this  way,  it  seems  clear 
that  it  will  find  it  necessary  to  maintain  an  R&D  effort  concerned 
with  system  and  component  design  to  meet  its  own  needs. 

Section  201  (b)  (2)  and  (3).  See  the  discussion  in  Schweurtz 
and  Goldsen,  op.  clt.,  pp.  7-8. 

2 

Of  course,  the  Corporation  may  benefit  substantially  also  from 
R&D  done  abroeid. 
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II.  SATELLITE  TECHNOLOGY 


Whether  a  profitable  satellite  communications  system  can  be 
placed  in  operation  depends  on  the  useful  lifetimes  of  the 
satellites  in  orbit.  This  is  the  key  technological  problem,  as 
suggested  by  Table  1,  and  as  will  appear  more  clearly  from  the 
cost  estimates  given  below  in  Section  III.  Because  the  answer  to 
the  problem  lies  in  the  satellites  themselves,  this  section 
focuses  on  satellite  design. 

SATELLITE  DESIGN 

In  addition  to  the  communications  repeater  itself,  an  active 
communications  satellite  contains  several  subsystems.  These  pro¬ 
vide  for; 

°  power  supply 

o  orientation  control 

o  position  control 

o  telemetry  eoid  conmand 

o  temperature  control. 

Some  types  of  satellites  do  not  contain  all  of  these  subsystems; 
and  the  presence  or  absence  of  a  subsystem  determines  how  a 
satellite  cem  be  used  and  in  what  types  of  orbital  configuration. 

The  Communications  Repeater 

The  communications  repeater  consists  of  a  receiver,  a  frequency 
translator,  and  a  transmitter.  In  its  operation  it  is  equivalent  to 
repeaters  employed  in  line-of- sight  microwave  links,  and  most  of  its 
components  are  well  within  the  present  state  of  the  art.  One 
possible  problem  az«a  is  the  power  output  device,  which  must  be 
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efflcient  and  long-lived.  In  all  satellites  now  under  development, 
this  device  is  a  traveling  wave  tube  with  a  power  output  in  the 
range  from  about  1  to  10  watts.  It  appears  that  some  of  the  tubes 
now  in  existence  will  meet  at  least  the  minimum  requirements  for 
efficiency  and  long  life. 

Power  Supply 

Early  comnnmi cat ions  satellites  will  derive  their  electrical 
power  from  solar  cells,  which  are  solid-state  devices  that  convert 
intercepted  solar  radiation  into  electrical  energy.  Approximately 
8  to  10  watts  of  prime  power  ceui  be  obtained  per  square  foot  of  solar 
cell  surface. 

Solar  cells  are  subject  to  damage  from  ingjact  by  hi^  energy 
particles  in  space,  jjarticularly  from  soleu*  flare  activity  and  Van 
Allen  radiation.  Degradation  of  solar  cell  output  can  be  reduced  by 
shielding  the  solar  cells  with  a  layer  of  optically  tremspeu*ent  mate¬ 
rial.  Only  particles  of  sufficient  energy  to  penetrate  the  shield 
can  damage  the  solar  cells.  At  orbital  altitudes  of  about  6000  nau¬ 
tical  miles  and  above,  a  thin  Sapphire  shield  such  as  used  on  Telstar 
is  expected  to  reduce  the  damage  caused  by  V«ui  Allen  radiation  so 
that  it  is  a  very  small  heusard.  Solar  flare  radiation,  however,  does 
contain  very  hi^  energy  peurticles,  but  large  flares  capable  of  cavis- 
ing  significant  damage  to  satellite  solax  cells  appear  to  be  rare;  the 
three  most  recent  occxirred  in  November  19^9^  in  February  1956,  and 
in  May  i960.  As  the  total  reuiiation  caused  by  these  large  flares  is 
not  well  vmderstood,  it  is  difficult  to  estimate  the  damage  that  they 
might  cause  in  satellite  power  supplies. 

Aside  from  shielding,  another  means  of  increasing  the  life  of 
the  power  supply  would  be  "overdesign,"  for  example,  by  doubling  the 
nuniber  of  solar  cells.  The  characteristics  of  the  radiation  damage 
are  such  that  a  doubling  of  this  kind  may  increase  the  lifetime  of 
the  power  supply  by  as  much  as  a  factor  of  a  hiuidred.  If  the  precise 
nature  of  the  space  environment  were  known,  one  could  arrive  at  an 
optimum  combination  of  shielding  and  overdesign  so  as  to  assure  a 
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given  power  level  for  a  prescribed  lifetime  in  orbit.  But  even  in 
the  absence  of  precise  knowledge  about  the  environment  it  is  believed 
that  solar  power  s\it>  systems  can  be  designed  so  that  power  supply  will 
not  be  the  limiting  factor  for  satellite  lifetime. 

The  solar  cells  do  not  supply  power  vdien  the  satellite  is  in  the 
earth's  shadow.  When  satellite  operation  is  required  during  such 
periods,  storage  batteries  are  needed  and  are,  like  any  additional 
complexity,  an  element  of  potential  unreliability.  Omission  of  the 
storage  batteries  iirrpalrs  the  communication  capability  of  most  satel¬ 
lite  systems  to  only  a  small  degree,^  for  in  many  situations  while 
one  satellite  is  in  shadow  another  that  is  still  illuminated  by  the 
sun  will  be  available  for  use. 

Satellite  Orientation 

The  orientation  or  attitude  of  the  satellite  is  important  in 
two  ways;  (a)  relative  to  the  sun,  so  as  to  maximize  the  power 
supplied  by  the  satellite's  solar  cells,  and  (b)  relative  to  the 
earth,  so  as  to  maxLaize  the  energy  transmitted  from  the  satellite 
to  the  gro\uid  stations.  In  practice  the  latter  is  the  more  i0Q)ortant. 
Generally,  three  types  of  satellite  orientation  relative  to  the  earth 
can  be  dlstinguishecl: 

(1)  Unorlented  satellites,  t  is,  with  orientation  changing 
relative  to  the  earth. 

(2)  Spin-stabilized  satellites,  with  their  spin-axis  oriented 
perpendicular  to  the  orbital  plane  of  the  satellite. 

(3)  Fully  oriented  satellites,  with  a  predetermined  part  of  the 
satellite  pointing  toward  the  earth  at  all  times. 

For  each  of  these  a  basically  diffeient  antenna  pattern  can  be 
enployed  to  radiate  energy  toward  the  earth.  The  xmorlented  satel¬ 
lite  can  at  best  have  an  euitenna  that  radiates  eqvially  well  in  all 

^For  stationary  satellites  this  impairment  would  occur  only  neeur 
the  spring  and  autuoin  equinoxes,  and  would  amovint  to  a  naxlmum  outage 
of  about  TO  minutes  near  local  midnight. 
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directions.  With  this  pettern  a  large  i)art  of  the  satellite's  power 
is  radiated  into  space  and  is  lost.  A  spin-stabilized  satellite  with 
the  spin-axis  perpendi c\xlar  to  the  satellite's  orbital  plane  can 
radiate  more  of  its  power  toward  the  earth  than  an  imoriented  satel¬ 
lite  can.  An  antenna  pattern  that  is  a  figure  of  revolution  about 
the  spin-axis  can  be  enqiloyed  with  the  spin- stabilized  satellite,  and 
the  beamwidth  in  any  pleme  containing  the  spin-eocis  would  theoretically 
be  equal  to  the  angle  subtended  by  the  earth  as  seen  from  the  satel¬ 
lite.  A  fully  oriented  satellite  can  utilize  a  pencil-beam  pattern 
designed  to  radiate  all  its  energy  toward  the  eaurth. 

In  cases  (2)  and  (3)  the  ideal  antenna  pattern  depends  on  the 
orbital  altitude  of  the  satellite.  A  fully  oriented  satellite  at 
the  altitude  of  a  stationary  orbit  (19,300  nautical  miles)  can  radiate 
its  power  toward  the  earth  about  one  hundred  times  more  effectively 
than  an  unoriented  satellite  at  the  same  altitude.  Thus,  for  the 
same  radiated  power  the  fully  oriented  satellite  can  provide  about  a 
hundred  times  as  many  channels. 

The  relative  circuit  capacities  of  the  three  types  of  satellites 
are  shown  as  a  function  of  altitude  in  Fig.  2. 

Present  satellite  programs  fall  into  these  categories: 

(1)  Telstar  and  Relay;  unoriented  relative  to  the  earth;  Tel- 
star  is  spinning  but  oriented  relative  to  the  sun. 

(2)  Syncom;  spinning  and  oriented  relative  to  earth. 

(3)  Advanced  Syncom:  oriented  relative  to  the  earth,  partly 
by  means  of  electronic  antenna-beam  switching. 

It  is  clear  from  Fig.  2  that,  for  circuit  capacity,  the  fully 
oriented  satellite  is  to  be  preferred.  But  however  it  is  achieved, 
the  orientation  control  mechanism  contributes  greatly  to  the  com¬ 
plexity  of  the  satellite.  Ideally,  one  wants  an  orientation-control 
subsystem  that  consumes  no  energy  and  is  simple  in  design  eu3d  construc¬ 
tion.  Theoretically,  it  could  be  obtained  throu^  exploitation  of 
the  gravitational  gradient,  but  there  has  been  little  experimentation 
eilong  these  lines  and  further  work  is  very  much  needed.  In  short, 
reliable,  long-lived  orientation  control  seems  to  be  a  matter  of 


Relative  circuit  capacity 
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Fig.  2— Relative  circuit  capacities  of  satellites  for  various 
types  of  orientation  subsystems 
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considerable  difficulty  and  has  been  a  troublesome  problem  in  sev¬ 
eral  space  prograxis. 

Position  Control 

On-board  subsystems  for  position  control  or  location  control, 
sometimes  referred  to  as  station  keeping,  are  needed  in  systems  in 
which  the  satellites  are  required  to  remain  in  certain  fixed  orbital  pat¬ 
terns  with  respect  to  each  other.  The  position  of  a  satellite  can  be 
changed  by  applying  thrust  corrections  in  predetermined  directions  to 
produce  slight  changes  in  orbital  velocity. 

Stationary  satellites  require  a  position- control  system  that 
is  operative  d\iring  their  entire  lifetime,  for  natural  orbital  per¬ 
turbations  will  cause  then  to  drift  with  respect  to  the  earth  regard¬ 
less  of  how  accurately  they  are  initially  placed  in  orbit.  Although 
the  amount  of  fuel  needed  is  not  very  great  (a  few  per  cent  per  year 
of  satellite  weight),  a  sensitive  position-control  propulsion  sub¬ 
system  capable  of  operating  over  a  period  of  years  without  failure 
is  necessarily  a  considerable  addition  to  satellite  complexity,  and 
compounds  the  problem  of  satellite  reliability.  Random  satellites 
are,  of  course,  free  from  this  problem. 

Command  and  Telemetry 

Command  links  are  used  to  perform  certain  switching  functions 
in  the  satellite.  When  a  position-control  subsystem  is  present,  a 
command  link  is  necessary  to  adjust  the  satellite  position,  which  is 
monitored  by  ground  observations.  In  principle,  a  satellite  without 
position  control  can  function  without  a  command  link.  In  any  case 
the  dei>endence  of  the  satellite  on  a  command  link  should  be  minimized, 
for  it  is  a  potential  source  of  satellite  failure.  The  Courier  and 
Telstar  satellites  both  suffered  from  malfunctions  in  the  command 
link.  In  addition  to  its  use  for  position  control  in  some  systems, 
a  command  link  or  s<»ne  other  means  of  preventing  unauthorized  use 
of  satellites  may  be  necessary  under  some  circuiostances. 

Experimentsul  satellites  are  equipped  with  extensive  telemetry 
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subsystems  to  provide  for  the  nionitorin;^  of  various  aspects  of  satel¬ 
lite  performance,  such  as  povrer  supply  output  and  teiTperat’ore .  It 
can  be  expected  that,  once  a  particular  satellite  design  has  proved 
reliable,  its  telemeterins  functions  can  be  reduced  considerably. 

Temperature  Control 

3orae  means  of  tei.'perature  control  is  needed  to  insure  that  the 
satellite  and  its  corponents  operate  at  all  times  vithin  the  designed 
tei::^rature  lii.iits.  However,  experience  io  date  indicates  that  tempera¬ 
ture  control  should  not  be  an  area  of  lajor  difficulty,  although  care¬ 
ful  design  is  required. 

SATELLITE  RELIABILITY 

None  of  the  satellite  subsystems  discussed  above  requires  what 
is  sometime  called  a  technological  brealrthrough.  In  each  case, 
specific  designs  are  readily  available,  some  have  been  built  and 
tested,  others  are  contained  in  numerous  proposals.  No  active  com¬ 
munications  satellite,  hoirever,  has  yet  demonstrated  a  continuous 
lifetime  in  orbit  that  could  make  any  system  commercially  attractive. 
Thus,  the  key  problem  of  reliability  remains. 

The  magnitude  of  this  problem  can  be  readil;.-  illustrated.  Con¬ 
sider  a  satellite  tiiat  requires  the  functioning  of  1000  components 
of  equal  reliability.  If  such  a  satellite  is  to  have  a  lifetime 
(mean  time  to  fail'ure)  of  five  years,  components  are  needed  whose 
failure  rate  is  no  more  than  about  20  per  billion  component  hours. 
However  soi.e  of  the  high-quality  components  needed  in  some  satellite 
designs  are  below  this  standard  of  reliability  at  present,  having 
failure  rates  more  than  ten  times  this  number,  even  when  operated  at 
a  small  fraction  of  nominal  capacity. 

Predicted  or  calculated  reliability  estimates  for  satellites  are 
helpful  but  they  are  unverified  and  therefore  uncertain.  Actual  per¬ 
formances  in  orbit  have  been  quite  disappointing  when  compared  to  the 
mean-tirae-to-fallure  values  normally  used  in  system  cost  estimates. 

The  road  to  success  promises  to  be  long,  full  of  frustrations,  and 
expensive. 


-27- 


What  can  be  done  to  solve  the  problem  of  poor  reliability? 

(1)  Most  irirportant  of  all,  simplicity  In  every  subsystem  must 
be  pursued  as  an  end  in  itself,  and  the  satellite  should  contain  only 
those  subsystems  absolutely  necessary.  A  component  or  subassembly 
that  is  not  there  caxinot  fail. 

(2)  Margins  of  extra  stren{jth,  capacity,  and  so  forth  must  be 
incorporated  in  all  subsystems,  and  components  must  be  operated  at 
only  a  small  fraction  of  their  nominal  capability. 

(3)  Spare  ("redundant")  components  must  be  included  where  the 
pay-off  in  reliability  is  greatest.  All  subsystems  should  be  designed 
to  have  approximately  the  same  reliability;  it  would  be  absurd,  for 
exarr^ile,  to  have  a  satellite  with  a  highly  reliable  communications 
package  and  an  orientation-control  subsystem  of  low  reliability. 

(h)  Quality  control  of  satellite  components  and  testing  at  the 
component,  subsystem,  and  system  level  are  of  the  utmost  importance. 
Prolonged  testing  of  the  fully  assembled  satellite  is  necessary  to 
identify  weak  components  that  must  be  replaced. 

Progress  is  being  made  along  these  lines,  and  we  believe  that  if 
sufficient  attention  is  given  to  the  problem  of  reliability,  the 
irrorovements  postulated  in  the  cost  estimates  in  Section  III  (see 
Table  8)  can  be  realized. 

ORBITAL  CONFIGURATIONS 

With  the  problems  of  satellite  design  and  reliability  in  mind, 
we  can  now  re-examine  the  various  orbital  configurations  in  terms  of 
the  demands  they  make  on  the  satellite  itself.  As  Fig.  3  shows,  the 
basic  trade-off  in  the  orbiting  elements  of  a  system  is  between  satel¬ 
lite  con^Jlexlty  and  satellite  nuxabers. 

Random  configurations  can  accept  very  simple  satellites,  with¬ 
out  position-control  and  command  subsystems,  and  even  without  ori¬ 
entation  control.  High  orbits  are  not  required,  and  the  accuracy  of 
placement  in  orbit  is  not  critical.  Because  they  do  not  contain 
posit ion- control  devices,  random  satellites  will  drift  with  respect 
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Fig. 3  —  Number  of  satellites  required  in  variou s  orb itol 
configurations,  New  York  to  Paris  circuit 

(5°  minimum  ground  ferminol  antenna  elevation) 


to  each  other.  In  a  random  system  there  will  therefore  be  outages 
when  no  single  satellite  is  simultaneously  visible  from  both  stations 
in  a  given  linh,  but  the  duration  and  frequency  of  outages  can  be 
decreased  by  increasing  the  number  of  satellites.  Figure  3  shows 
the  numbers  required  at  various  altitudes  for  99  per  cent  in-service 
time  (1  per  cent  outage  rate).^ 

Controlled  configurations  require  satellites  \7ith  position- 
control  subsystems  that  enable  them  to  remain  in  fixed  patterns  with 
respect  to  each  other,  so  that  at  all  times  at  least  one  satellite 
is  mutually  visible  from  each  pair  of  teininal  stations.  As  a  re¬ 
sult,  continuity  of  service  is  established  so  long  as  all  satellites 
are  operating.  Under  fairly  typical  conditions,  the  number  of  satel¬ 
lites  needed  to  provide  continuous  service  with  position-controlled 
satellites  is  only  one-third  to  one-half  the  number  of  satellites 
needed  to  provide  99  per  cent  in-sejrvice  time  in  a  random  system. 

The  stationary  satellite  is  a  special  case  of  a  controlled  con¬ 
figuration:  it  has  a  unique  orbital  altitude  in  the  equatorial  plane. 

It  requires  a  precise  position-control  subsystem  and  probably,  because 
of  its  high  altitude,  an  orientation-control  subsyster:  as  well.  It  is 
therefore  the  most  complex  type  of  satellite  and  is  likely  to  be  the 
heaviest.  Because  of  its  weight  and  its  high  orbit,  it  makes  the  great¬ 
est  demands  on  launch  vehicle  performance;  and  precise  guidance  is  need¬ 
ed  for  putting  it  initially  into  orbit. 

The  outstsuiding  property  of  the  stationary  configuration  is  that 
the  satellite  appears  to  remain  fixed  with  respect  to  points  on  the 
earth's  surface.  Thus,  in  principle,  only  one  satellite  is  needed  for 
a  given  region,  and  three  such  satellites,  properly  located  and  oper¬ 
ating,  could  provide  continuous  world-wide  coverage  except  for  the  polar 
caps.  However,  because  of  its  complexity  it  is  likely  to  pay  a  price  in 
reliability,  and  to  avoid  the  long  outages  that  would  occur  with  satel¬ 
lite  failure,  more  than  three  satellites  are  likely  to  be  needed  for  a 


^Cf.  Table  2  for  l8  and  21  satellites. 
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world-wide  system;  probably  six  and  perhaps  even  nine. 

Of  the  satellites  now  under  development,  Telstar  and  Relay  are 
limited  by  their  design  to  use  in  random  configurations,  whereas  the 
Syncom  series  is  designed  for  controlled  configurations. 

SOME  SPECIAL  TOPICS 

Time  Delay  and  Echo 

There  has  been  considerable  discussion  concerning  the  effects 
on  two-way  voice  coramunication  of  propagation-time  delay  and  echo, 
particularly  in  the  stationary  and  other  high  altitude  systems.  Re¬ 
sults  of  limited  tests  are  not  conclusive  and  reliable  data  are 
difficult  to  obtain,  for  the  effect  is  subjective. 

The  nature  of  the  difficulty  is  as  follows:  when  using  a  short 
line,  a  speaker  does  not  notice  echoes  of  his  o\nri  voice,  but  the  re¬ 
turn  to  his  ear  of  words  he  has  spoken  a  half- second  or  a  whole 
second  after  he  has  spoken  then  can  be  annoying.  Also,  the  delay 
between  the  words  of  one  speaker  and  the  response  of  the  other  speaker 
can  be  psychologically  disastrous  to  a  conversation  between  people 
accustoned  to  face-to-face  speech,  frequent  interruptions,  and  rapid 
give  and  take.  One  speaker,  learning  after  a  half-second  that  he 
has  been  interrupted,  may  halt,  while  simultaneously  the  other  speaker, 
regretting  his  rudeness,  may  also  halt.  After  a  second's  pause  both 
begin  again,  stop,  start  and,  in  short,  have  sooe  difficulty  In  com¬ 
municating. 

Tests  to  date  indicate  that  people  adjust  very  rapidly  to  the 
delay  in  the  absence  of  echo.  No  echo  is  generated  in  the  satellite 
system  itself  because  it  is  what  is  called  a  "four-wire"  line.  Echoes 
do  originate  at  various  points  in  the  local  telephone  system,  and 
echo  suppressors  have  been  installed  in  long-distance  telephone 
circviits  for  a  number  of  years.  With  the  greater  delay  tiiaes  in¬ 
volved  in  satellite  transmissions,  the  existing  suppressors  may  be 
Inadequate,  and  the  installation  of  new  types  of  echo  suppressors  may 
be  necessary  in  communications  systems  en5)loying  satellites. 
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In  any  event  the  combined  effect  of  time  delay  and  echo  is  a 
significant  factor  that  must  be  considered  in  the  choice  of  orbital 
altitude  for  a  communications  satellite  system  providing  commercial 
telephone  seinrice.  Quantitative  tests  are  needed  urgently  to  deter¬ 
mine  how  significant  the  problem  is.  On  the  other  hand,  it  is  quite 
cleeu:  that  one-way  communications  (television,  data  messages,  etc.) 
will  not  be  affected. 

Active  and  Passive  Systems 

The  first  artificial  satellite  whose  primary  function  was  to 
serve  as  a  reflector  for  communication  signals  was  Echo  I,  a  spher¬ 
ical  balloon  100  feet  in  diameter  launched  in  August  i960. 

Echo  I  was  in  some  respects  eui  unqualified  success: 

o  It  proved  that  deployment  of  very  large  structures  after 
orbit  injection  is  feasible. 

o  The  initial  communication  capability  proved  to  be  almost 
precisely  as  calcuilated  and  predicted. 

o  Even  after  more  than  two  years  in  orbit  the  reflecting  cross- 
section  has  degraded  only  moderately  and  Echo  I  is  still  usable. 

A  passive  satellite  only  reflects  electromagnetic  energy  >rtiich 
it  intercepts  while  an  active  satellite  receives,  aii5)llfle6,  and 
tremsmlts  energy.  The  amplification  in  early  active -satellite  de¬ 
signs  (such  as  Telstar)  is  typically  of  the  order  of  10  billion  times. 
But  a  passive  satellite  such  as  Echo  I  intercepts  about  10  million 
times  as  much  energy  as  is  received  and  amplified  in  eua  active  satel¬ 
lite  of  the  same  weight.  The  difference  is  a  factor  of  about  one 
thovisand.  For  a  passive  system  to  achieve  equeLL  energy  at  the  re¬ 
ceiving  terminal  (and  therefore  equal  bandwidth),  this  difference 
must  be  made  up  either  by  increasing  the  size  of  the  ground  terminals 
(transmitter  power  and  antenna  size)  or  the  size  of  the  passive  satel¬ 
lite  or  both. 

A  i)asslve  satellite  has  two  outstanding  features  which  make  it 
technically  appealing: 
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(1)  Simultaneous  use  of  the  same  passive  satellite  in  many 
different  communication  links  presents  no  problem.  Moreover,  the 
modulation  methods,  the  bandvidths  utilized,  and  even  the  frequency 
allocations  can  be  changed  after  the  passive  satellite  has  been 
placed  in  orbit,  and  it  will  remain  as  useful  as  before.  This  flex¬ 
ibility  is  not  shared  (except  to  a  very  limited  degree)  by  active 
satellites . 

(2)  A  passive  satellite  does  not  require  the  on-bo8urd  operation 
of  active  electronic  components  and  has,  therefore,  a  potentially 
longer  lifetime. 

An  attempt  to  compare  the  costs  of  active  and  passive  systems 
is  obviously  very  difficxilt  because  of  the  sensitivity  of  the  restilts 
with  respect  to  the  operating  assumptions  and  the  detailed  system 
parameters  chosen.  In  both  types  of  system  the  number  of  variables 
is  very  large,  and  a  reasonable  conparison  can  only  be  made  when 
systems  of  equal  capability  and  similar  properties  axe  chosen.  If 
it  is  assumed  that  the  orbital  configuration  of  the  satellites  is 
identical  in  the  two  systems,  and  that  the  circuits  are  the  same  in 
number  and  quality  of  channels,  it  turns  out  that  the  two  systems 
differ  significantly  only  in  their  orbital  lifetimes  and  in  the  size 
of  ground  transmitters  and  antennas.  What  could  be  saved  in  the 
passive  system  because  of  longer  satellite  lifetimes  in  orbit  (lower 
satellite  replacement  cost)  could  be  used  to  pxjrchase  and  operate 
larger  transmitters  and  antennas.  We  have  studied  these  tradeoffs 
elsewhere,^  on  the  basis  of  present  technology,  and  the  results  show 
that  a  passive  system  ceui  be  competitive  only  when  the  useful  life 
of  the  active  satellite  is  less  than  a  few  years  and  the  n\uiber  of 
terminals  in  the  system  is  small.  However,  if  R8J)  made  it  possible 
to  construct  a  satellite  with  a  much  greater  reflecting  cross-section 
per  unit  wel^t  than  Echo  I  (of  the  order  of  100  times  greater),  then 
systems  employing  such  reflectors  would  appear  to  conpare  very  favor¬ 
ably  with  active  systems. 

^S.  H.  Reiger,  A  Study  of  Passive  Communication  Satellites 
(forthcoming) . 
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SYSTEM  CHOICES 

Clearly  the  future  presen ta  a  wide  choice  of  possible  conummi- 
cations  satellite  systems,  differing  in  satellite  design,  orbiteG. 
configuration,  terminal  station  design,  network  location,  and  other 
respects.  In  selecting  one  particular  system  and  placing  it  in 
operation,  one  wovild  Ideally  choose  the  system  that  could  provide 
the  required  service  at  the  lowest  cost.  But  both  the  nature  of  the 
required  seirvice  and  the  magnitude  of  the  system  cost  are  subject 
to  very  large  uncertainties.  The  difficulty  is  coo?>ounded  because 
at  the  present  time  experience  is  limited  to  e^qierimentatlon  with 
only  a  very  small  number  of  satellites.  AM  considerations  other 
than  cost  will  Influence  the  choice:  for  example,  the  timing  of  op¬ 
erational  availability,  and  problems  of  international  coordination. 

The  problems  that  arise  in  the  selection  of  a  system  can  best 
be  Illustrated  by  cooparing  two  representative  systems  of  different 
types:  a  random  system  consisting  of  a  number  of  relatively  slsple 
active  satellites  in  polar  orbits  of  about  6000-nautical -miles  al¬ 
titude,  and  a  stationary  system  consisting  of  relatively  cooplex 
active  satellites  in  equatorial  orbits  of  19, 300-nautical -miles  ad- 
tltude.  Components  for  these  systems  are  being  developed  in  the 
United  States  at  the  present  time. 

Each  of  these  systems  has  features  and  limitations  that  may  be 
characterized  qualitatively  as  "advantages"  and  "dlseidvantages." 
'niese  Mvantages  and  disadvantages  are  summarized  in  Table  4.  And 
in  Section  in  an  attenpt  is  made  to  give  q[uantltatlve  estimates  of 
the  costs  of  the  two  systems. 

The  table  Indicates  clearly  that  the  random  system  makes  its 
greatest  demands  on  the  ground  subsystem,  while  the  stationary  sys¬ 
tem  makes  its  greatests  demands  on  the  orbiting  subsystem.  It  is 
for  this  reason  that  most  engineers  agree  that  a  random  system  could 
be  placed  in  operation  at  an  earlier  date  than  a  stationary  system. 
There  is  wide  disagreement,  however,  about  the  number  of  years  sep¬ 
arating  the  operational  dates  of  the  two  systems.  Tie  estimates 


RAinX)M  VERSUS  STATIONARY 


o  Con^ilexity  of  ground  equip¬ 
ment 

o  Less  flexibility  in  axrang- 
ing  station  networks 

o  Large  number  of  satellites 
needed  for  near-continuous 
service 


o  Temporary  outages  will  be 
normal 


k 


:  ADVANTAGES  AND  DISADVANTAGES 


Stationary  System  Advantages 

o  Simplicity  of  ground  equipment 

0  Minimal  tracking  and  acquisi¬ 
tion 

o  Flexibility  in  arranging  multi¬ 
station  networks 

o  Relatively  small  nuniber  of  sat¬ 
ellites 

0  No  outages  for  normal  opera¬ 
tion 
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vary  depending  on  one's  Judgment  concerning  the  difficulty  of  achiev¬ 
ing  a  reliable  stationary  satellite  with  all  its  necessarily  com¬ 
plicated  subsystems. 

The  Telstar  and  Relay  designs  could  be  used  as  the  basis  for  a 
random  system.  The  first  stationary  satellite  design  of  interest 
for  commercial  purposes  is  the  advanced  Syncom  satellite,  now  under 
limited  development.  The  first  launching  of  this  satellite  could 
be  reasonably  programmed  for  late  1964  or  early  19^5 ,  assuming  that 
the  soundness  of  the  basic  design  is  demonstrated  before  then. 

There  is  general  agreement  that  in  the  long  run  the  stationary 
satellite  concept  offers  the  greatest  promise  and  growth  potential, 
provided  the  transmission -delay  and  echo  problems  do  not  introduce 
a  major  roadblock  in  voice  transmission. 

Much  of  the  controversy  seems  to  have  been  based  on  the  assunqp- 
tion  that  an  either-or  choice  must  be  made  now  or  in  the  neau*  future, 
that  is,  in  the  absence  of  really  adequate  information.  We  do  not 
think  that  the  either-or  choice  is  required  by  technological  con¬ 
siderations,  for  existing  ground  stations  (and  any  future  stations 
Intended  for  use  with  nonstationary  satellites)  could  be  en5)loyed  in 
either  system.  Choice  is  foreclosed  only  if  the  first  generation  of 
operational  ground  stations  is  limited  to  use  with  stationary  satel¬ 
lites. 

An  entire  connunl cations  system  does  not  come  into  existence 
oveml^t;  it  evolves.  Adopting  the  evolutionary  approach,  and 
assuming  that  an  ecurly  operational  date  is  desired,  we  think  the 
following  course  would  involve  the  fewest  risks  for  a  commercial 
satellite  enterprise: 

(l)  Initiate  limited  (regional)  operations  with  relatively 
8lnq>le  satellites  and  existing  laimch  vehicles.  This  will  provide 
valixahle  qperatlonsil  experience,  reveal  unanticipated  problem  areas, 
and  bring  In  some  revenue. 
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(2)  Incorporate  progressively  more  advanced  satellites  when 
replacements  and  euiditions  become  necessary  or  possible,  and  use 
more  advanced  laiinch  vehicles. 

This  course  of  action  will  enable  the  enterprise  to  develop  in 
the  directions  indicated  by  actual  experiment.  It  will  avoid  the 
serious  consequences  that  ml^t  follow  from  a  full  conmitment  to 
either  a  random  or  a  stationary  system.  For  with  the  random  system, 
vhatever  its  short-term  attractions,  there  njay  be  awkward  and  ex¬ 
pensive  problems  of  long-term  growth.  And  with  the  stationary  sys¬ 
tem,  there  may  be  unforeseen  difficvilties  in  achieving  sufficient 
satellite  reliability,  with  the  resvilt  that  an  operational  communi¬ 
cations  system  would  be  long  delayed. 
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III.  SYSTEM  COSTS 

AIMS  AND  METHOD  OF  THE  AI^LYSIS 

The  main  purpose  of  this  analysis  is  to  assess  the  relative 
costs  of  representative  random  and  stationary  satellite  communica¬ 
tion  systems  for  a  range  of  system  parsuneters  expected  to  be 
relevant  during  the  next  five  to  ten  years.  Both  systems  are 
expected  to  provide  sufficient  station-to- station  circuit  capacity 
during  the  early  years  of  operation;  moreover,  the  circuit  capacity 
estimates  for  both  systems  would  be  subject  to  considerable  uncer¬ 
tainties.  We  therefore  compare  the  system  costs  directly,  without 
attempting  to  compare  costs  per  channel.  Another  purpose  of  the 
analysis  is  to  provide  system  cost  estimates  that  can  be  confronted 
(very  tentatively)  with  the  system  revenues  estimated  below  in 
Section  IV.  The  estimates  have  been  prepared  following  standard 
RAND  cost  methodology.^  For  the  reasons  explained  earlier  in 
Section  I,  R8eD  costs  are  not  included  in  these  estimates. 

SiaTEM  PARAMETERS  AND  SPECIFICATIONS 

For  each  of  the  two  basic  systems- -random  and  stationary- -we 
consider  a  range  of  values  for  the  following  parameters: 

o  Number  of  satellites  in  orbit 

°  Effective  lifetime  of  satellites  in  orbit  (mean  time 
to  failure) 

o  Satellite  launch- success  probability 

o  Nuinber  and  type  of  terminal  stations 

The  nvunber  of  satellites  simultaneously  in  orbit  affects 
fundamentally  both  the  cost  and  the  continuity  of  service  provided 
(see  Table  2  and  the  related  discussion,  pp.  10-12).  The  cost  of 
keeping  an  adequate  number  of  satellites  in  orbit  depends  upon 


^ee  David  Novlck,  System  and  Total  Force  Cost  Analysis.  Air 
Force  Project  RAND,  RM-2^5,  April  1961. 
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(l)  the  costs  of  the  Individual  satellites,  (2)  their  lamch  costs, 
and  (3)  their  replacement  rates.  The  launch  costs  in  turn  depend  on 
the  cost  of  an  attempted  launching  and  the  probability  that  the 
attempt  will  be  successful.  The  satellite  replacement  rates  depend 
on  the  mean  time  between  satellite  failures.  The  elements  of 
greatest  uncertainty  are  the  lifetime  of  the  satellites  and  the 
launch- success  probability,  and  we  therefore  treat  these  as  vari¬ 
ables  in  the  anaJysis. 

The  number  and  type  of  terminal  stations  vary  according  to 
(1)  the  geographical  area  served,  (2)  the  number  of  channels  pro¬ 
vided,  and  (3)  the  type  of  satellite  employed,  whether  random  or 
stationary.  As  a  basis  for  costing  the  terminals,  we  have  designed 
simple  regional  and  first  generation  global  networks  of  ground 
stations  for  both  random  and  stationary  satellites,  for  the  locations 
indicated  in  Fig.  1  at  the  beginning  of  this  report. 

To  simplify  the  exposition  we  describe  the  systems  in  a  series 
of  tables  organized  as  follows: 

Table  _ Contents _ 

5  &  6  basic  physical  specifications  of  the  random  and 
stationary  satellites  and  their  terminal  station 
antennas 

7  estimated  costs  of  attempted  launchings  for 

random  and  stationary  satellites 

6  assumptions  as  to  random  and  stationary  satellite 

lifetimes  and  launch- success  probabilities 

9  estimated  costs  for  various  orbiting  systems, 

random  and  stationary,  based  on  Tables  7  and  8 

10  estimated  costs  of  various  types  of  Individual 
terminal  stations,  for  rando.m  and  stationary 
satellites 

11  estimated  costs  of  various  networks  of  terminal 
stations,  based  on  Table  10 
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Thus  Tables  7>  8,  and  9  deal  with  the  orbitine  elements  of  the 
systems,  emd  Tables  10  and  11  with  the  ground  elements. 

The  reader  may  wish  to  pursue  the  discussion  before  studying 
these  tables  (which  begin  on  the  next  page),  but  we  call  attention  now 
to  Table  8.  The  basic  technological  uncertainty  is  that  of  satellite 
reliability,  and  we  must  relate  this  -uncertainty  to  the  cost  esti¬ 
mates  in  a  meaningful  way.  The  probability  of  success  in  launching 
and  guiding  a  satellite  into  orbit  is  also  uncertain.  We  attempt  to 
deal  with  these  two  technological  uncertainties  as  follows:  we 
assume  that,  as  technology  advances,  both  the  satellite  lifetime  and 
the  launch-success  probability  will  improve,  and  in  Table  8  we  define 
a  series  of  model  years  A,  B,  and  C,  with  progressively  longer 
satellite  lifetimes  and  higher  launch-success  probabilities.  Year  A 
may  be  thought  of  as  some  year  in  the  relatively  near  future  (perhaps 
I96I+  or  1965)  when  the  state  of  the  art  has  auivanced  to  the  point 
where  random  satellite  models  of  that  year  are  characterized  by  mean 
tines  to  failure  of  12  months  or  so.  Year  B  is  a  later  year  (196?^ 
1968?)  with  satellite  models  of  greater  reliability;  and  Year  C  is  a 
still  later  year  (1969*  1972?)  with  models  of  even  greater  reliabil¬ 
ity.  We  use  letters  to  desigiate  the  model  years  because  the  actual 
dates  are  extremely  uncertain,  although  we  have  no  doubt  that  the 
better  satellite  reliabilities  will  eventually'  be  attained.  A 
roughly  parallel  improvement  in  launch- success  probabilities  is  also 
to  be  expected. 

HCW  THE  SYSTEM  C03rS  ARE  EXPRESSED 

For  cost  purposes,  it  is  convenient  to  think  of  a  co;.Tplete 
satellite  communications  system  as  made  up  of  three  parts: 

(1)  the  ground  system  (the  terminal  stations) 

(2)  the  system  Data  Control  and  Management  Center 

(3)  the  orbiting  system  (the  satellites  in  orbit) 

The  ground  system  consists  of  terminal  stations  with  electronic 
equipnent  of  a  lifetime  of  15  years  or  so;  accordingly,  it  is  con¬ 
venient  when  we  sum  costs  to  deea  with  15-year  periods. 
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Table  5 

SPECIFICATIONS  OF  A  RANDOM  SATELLITE  SYSTEM® 


System  Element 

Description 

La\mch  Vehicle 

Atlas-Agena  (3  satellites  per  launch) 

Satellite 

Early  Desigi 

Later  Design 

Welc^t 

250  pounds 

230  pounds 

Orientation 

Spin  stablli- 

Passive  (gravlta- 

zatlon 

tlonal  gradient) 

Power  output 

2x2.^  watts 

2x2  watts 

Anienua  gain 

3  decibels 

12  decibels 

Terminal  Stations 

Antenna  diameter  (feet) 

85  60  30 

85  60  30 

Noise  (degrees  Kelvin) 

100  100  250 

100  100  250 

Circuit  Capacities 

Approximate  number  of  duplex 
voice  channels  per  satellite 

240  120  12 

1800  900  90 

1 

1 

1 _ 

Note: 


^This  satellite  design  is  based  on  the  state  of  the  art  represented  by 
Telstar  and  Relay;  in  the  later  design,  an  orientation  subsystem  is  Included, 
with  the  result  that  the  circuit  capacity  is  greatly  Increased. 


Table  6 

SPECIFICATIONS  OF  A  STATIONARI  SATELLITE  SYSTEM® 


System  Element 

Description 

Launch  Vehicle 

Atlas-Agena  plus  \ipper  stage 

Satellite 

Wei^t 

300  poux^s 

Orientation 

Spin* stab llzat ion  plus  electronic 
antenna  phasing 

Power  output 

U  X  2.5  watts 

Antenna  gain 

17  decibels 

Terminal  Statlone 

Antenna  diameter  (feet) 

85  60  30 

Noise  (degrees  Kelvin) 

100  100  250 

Circuit  Capacities 

Approximate  nundoer  of 
duplex  voice  channels 

per  satellite 

2000  1000  100 

Note; 

®Thi3  satellite  deslgi  is  based  on  the  technology  represented  by 
the  advcmced  Syncom  now  under  limited  development. 
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Table  7 

estimated  costs  of  launched  satellites® 


Stationary  Satellite 

Satellite^  (l  per  launch  vehicle) 

Booster 

Basic  vehicle.  Including 
la\inchlng  $7>000,000 

Special  modification  & 

engineering  $1, 500, 000 


Random  Satellite 

Satellite*^  (3  par  launch  vehicle) 

Booster 

Basic  vehicle  with  special 

modification  $5,200,000 

Launching  costs  $2,300,000 

Cost  per  launching 

(Cost  per  random  satellite  launched) 


$  2,000,000 


$  8,500,000 
JODj^OO^^ 

$  2,400,000 


$  7,500,000 
,000 


($  3,300,000) 


Notes ; 

®Thls  table  gives  the  cost  per  attempted  launching;  the  cost  per 
placement  In  orbit  depends  on  the  launch  success  probability,  values 
for  which  are  estimated  in  Table  8.  As  Indicated  In  Tables  5  and  6, 
we  base  the  launch-vehicle  costs  on  the  Atlas-Agena,  but  if  bigger 
boosters  are  available  the  cost  per  pound  placed  In  orbit  would  be 
considerably  reduced. 

^The  stationary  satellite  consists  of  four  2.5-watt  communication 
repeaters  (plus  power  supply)  at  a  unit  cost  of  $250,000.  The  sub¬ 
systems  for  position-  and  attitude-control  together  with  the  struc¬ 
ture  and  other  components  add  to  $1  million,  for  a  total  of  $2 
million  per  satellite. 

®The  random  satellite  consists  of  two  2.5-watt  repeaters  for  a 
totfiJ,  of  $500,000.  Including  structure  and  system  check  out  and 
testing,  the  cost  per  satellite  Is  $800,000. 
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Table  8 

TYPES  OF  RANDOM  AND  SYNCHRONOUS  SATELLITES:  ASSUMPTIONS 
AS  TO  LIFETIMES  AND  UUNCB-SUCCESS  PROBABILITY 


Type® 

Symbol 

Mean  time 
to  failirre 
(years) 

Launch- succe s s 
Probability 

Random 

Year  A 

RA 

1 

0.7 

Year  B 

RB 

2 

0.8 

Year  C 

RC 

5 

0.9 

Stationary 

Year  B 

SB 

1 

0.5 

Year  C 

SC 

3 

0.8 

Note; 

^ear  A  may  be  thought  of  as  a  year  In  the  near  future  (perhaps 
196^)  when  the  effective  lifetime  (mean  time  to  failure)  of  a  simple 
random  satellite  attains  a  minimum  of  one  year.  In  Year  A,  the  more 
complex  statloneury  satellite  Is  expected  to  have  an  effective  orbital 
lifetime  of  less  than  one  year,  and  is  therefore  not  considered  here 
eus  a  practicable  alternative.  By  Year  B  (some  years  later  than  A) 
the  lifetimes  and  launch  reliabilities  of  both  random  and  stationary 
satellites  should  have  improved;  Year  C  represents  a  later  year  with 
further  improvements.  It  is  assumed  that  satellite  cost,  wei^t,  etc. 
remain  essentially  unchanged  as  satellite  llfetixae  and  launch  reli¬ 
ability  progressively  iinprove;  but  increased  channel  capacities  for 
the  random  satellites  may  be  achieved  through  orientation  control  in 
later  designs  (see  Table  3),  possibly  by  Year  C. 
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COSTS  OF  INDIVIDUAL  TERMINAL  STATIONS  AND  DATA  C: 
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Notes;  ^ 

-  Not  applicable.  Level  annual  costs  are  coii^>uted  for  a  15-year 

^Annual  operating  costs  tend  to  run  about  i>erlod  at  l6  per  cent  Interest. 

25  per  cent  of  Initial  Investsient  costs.  Relay  stations  for  a  global  system. 


Table  11 


ESTIMATED  COSTS  OF  TERMINAL  STATIONS  AND  DATA  CENTERS 
FOR  REGIONAL  AND  GLOBAL  NKIVORKB^ 


(1) 

Initial 

Investment 

Costs 

($  millions) 


(2) 

Annual 

Operating 

Costs 

($  millions) 


(3) 

Level 

Annual 

Costs® 

($  millions) 


Early  Regional  System. 

Random  Satellites 

1  Terminal  TR(4/85') 

3  Terminals  TR(3/85') 

2  Terminals  TR(3/60') 

1  Terminal  TR(i/60'  ) 

7- terminal  total 

1  Data  and  Management  Center 

Total  ground  installations 

Early  Regional  System. 
Stationary  Satellites 

4  Terainals  TS(l/85') 

3  Terminals  TS(l/60') 

7-termlnal  total 
1  Data  and  Management  Center 
Total  ground  installations 


61.6 

15.41 

26.46 

6.0 

1.50 

2.58 

67.6 

16.91 

29.04 

9.2 

2.3 

3.95 

12.2 

3.1 

5.24 
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Table  11  (continued) 


(1) 

(2) 

(3) 

Initial 

Annual 

Level 

Investment 

Operating 

Ann\ial 

Costs” 

Costs 

Costs 

($  millions) 

($  millions) 

($  oiilllons) 

First-Generation 
Global  System. 
Random  Satellites 


4  Terminals  TR(4/85  ' ) 
3  Terminals  TRj3/85'j 
3  Terminals  TR(4/60') 
2  Terminals  TR(3/60') 
2  Terminals  TR(2/60') 
2  Terminals  TR(l/60') 


l6-termlnal  total 

149.7 

37.5 

64.35 

1  Data  and  Management  Center 

10.0 

4.25 

Total  ground  Instsdlatlons 

159.7 

40.0 

68.64 

First -Generation 
Global  System. 
Stationary  Satellites 

1  Terminal  TS(2/85') 

4  Terminals  TS(l/85') 
6  Terminals  TS(l/60') 

5  Terminals  TS(l/30') 


16-termlnal  total 

20.6 

5.2 

8.90 

1  Data  and  Management  Center 

6.0 

zM 

2.58 

Total  groimd  Installations 

2676 

6.7 

11.48 

Notes: 

^Ihe  terminals  are  identified  here  by  the  aynibols  used  In  Table 
10,  vhere  the  costs  of  Individual  terminals  are  estimated. 

^Based  on  1^-year  period  at  l6  per  cent  Interest. 
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When  a  ground  station  Is  installed  there  is  ein  initial  investment 
cost,  and  in  subsequent  years  there  are  annual  operating  costs.  In 
Table  10,  cols.  (5)  and  (6)  give  the  estimated  Investment  and  annual 
operating  costs  for  various  types  of  terminal  stations.  In  com¬ 
paring  one  system  with  euiother  it  is  helpful  to  combine  the  invest¬ 
ment  and  annual  operating  costs  into  a  single  figure,  smd  for  this 
purpose  we  make  use  of  the  level  annual  cost  extending  over  the 
system's  lifetime.  The  level  annual  cost  is  defined  as  the  annual 
operating  expenses  plus  the  level  annual  payments  on  a  15 -year 
mortgage  covering  the  initial  investment  cost.  The  terminal- station 
level  annvial  costs  are  given  in  col.  (7)  of  Table  10.  In  coiaputing 
the  level  annual  costs  we  have  used  eui  interest  rate  of  l6  per  cent, 
rather  than  a  lower  rate,  as  representing  am  upper  bound  to  the 
rates  normally  relevant  to  public  utility  enterprises.^ 

Like  a  terminal  station,  the  system  Data  Control  and  Management 
Center  can  be  regarded  as  an  initial  investment  with  a  relatively 
long  lifetime,  and  in  Table  10  we  estimate  the  Investment,  annual 
operating,  and  level  annual  costs  for  system  Centers  for  random  and 
stationary  systems,  both  regional  and  global. 

For  the  orbiting  system,  it  seems  somewhat  artlfical  to  refer 
to  initial  investment  and  eumual  operating  expenses,  for  we  are 
concerned  basically  with  the  costs  of  placing  a  certain  number  of 
satellites  in  orbit  each  year:  initially  a  full  set  of  satellites, 
and  in  subsequent  years  the  number  of  satellites  necessary  to 
replace  those  that  have  failed.  In  Table  9>  col.  (5)  gives  the 
cost  of  a  complete  initleO.  set  of  satellites  in  orbit.  Col.  (6) 
gives  the  ejqtected  cost  per  year  of  maintaining  the  system's  oper¬ 
ating  capahllity  after  the  system  has  been  in  service  long  ^wfnigb 
so  that  the  nxunber  of  satellites  that  must  be  replaced  is  nearly 
the  same  ftnxn  year  to  year.  Col.  (7)  gives  the  level  costs 

for  the  various  orbiting  systems  for  a  period  of  15  years,  caloilated 
from  the  initial  placement  costs  on  the  assuiqptlon  that  an  orbiting 


^This  l6  per  cent  rate  includes  provision  for  payment  of  Federal 
Corporation  inccxae  taxes.  We  have  examined  a  range  of  interest  rates 
troa  6  to  l6  per  cent,  and  it  appears  that  system  choices  are  not 
sensitive  to  the  rate  selected. 
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system  of  lifetime  n  years  would  be  replaced  In  entirety  each 
n  years.  We  therefore  have  the  following  sets  of  comparable  costs: 


Terminal 

Station 


Initial 

annual 

Investment 

operating 

>  level  annual 


Data  and  Manage- 

Initial 

annual 

ment  Centers 

Investment 

operating 

level  annual 


Satellites  In 

Initial 

periodic 

Orbit 

placement 

replacement 

>  level  annual 


In  what  follows  we  fix  our  attention  on  the  level  annual  costs,  for 
these  make  It  possible  to  cmpare  all  the  resources  required  for 
one  system  with  all  those  required  for  another,  even  though  the 
expenditures  for  the  two  systems  may  be  distributed  quite  differently 
over  the  system  lifetimes. 

COST  IMPLICATIONS  FOR  SYOTEM  CHOICES 

When  will  the  various  satellite  systems  be  available  for  opera¬ 
tional  use?  And  what  percentage  of  In-service  time  should  be 
required?  These  are  Important  questions  that  bear  on  the  Initial 
choice  of  a  conmunlcatlons  satellite  system,  and  at  least  qualita¬ 
tively  they  Involve  tradeoffs  with  cost.  In  this  analysis  we  have 
therefore  attempted  to  Indicate  what  these  tradeoffs  ml^t  be,  as 
well  as  to  compare  the  costs  of  random  and  stationary  systems. 

For  this  purpose  we  Identify  the  various  satellite  systems  by 
referring  to  (l)  the  nuniber  of  satellites  In  orbit;  (2)  the  type, 
whether  random  or  stationary,  and  (3)  the  model  year,  representing 
In  a  rou^  way  the  state  of  technology.  Thus  18rA  refers  to  a 
system  with  elg^een  zandom  satellites  of  Year  A  (early  technology), 
and  6SB  refers  to  a  system  with  six  stationary  satellites  of  Year  B 
(somewhat  later  technology),  and  so  forth.  A  list  of  the  systems 
and  their  symibols  Is  given  In  Table  9,  together  with  their  estimated 
level  annual  costs. 
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Cost  estimates  for  orbiting  systems  alone  would  be  of  peurtic- 
ular  interest  to  a  corporation  or  international  consortium  that 
planned  to  provide  circuits  (satellite  links)  between  termlneLls 
owned  by  others,  for  exauiple,  by  ATUT,  the  British  Post  Office,  etc. 
Figure  h  summarizes  graphically  the  cost  estimates  of  Interest  to  a 
corporation  operating  in  this  way.  Based,  on  Table  it  shows  the 
level  annual  costs  of  a  selection  of  orbiting  systems  of  various 
technologies.^  The  first  thing  to  notice  in  Fig.  U  is  that,  as 
expected,  cost  is  critically  dependent  on  reliability.  The  three 
parts  of  Fig.  U  show  strikingly  different  cost  pictures,  and  the 
differences  are  due  almost  entirely  to  the  progressively  better 
reliabilities  postvilated  for  the  three  model  years.  The  effect  of 
longer  satellite  lifetime  is  dominant,  but  improved  launch- success 
probabilities  also  contribute. 

The  next  thing  to  notice  is  the  high  price  one  would  have  to 
pay  (esi)ecially  in  the  early  time  period)  to  achieve  even  a  small 
Increase  in  in-service  time  by  increasing  the  number  of  satellites 
in  orbit.  Raising  the  number  of  satellites  of  Year  A  from  9  to  36 
(from  9RA  to  36RA)  would  raise  in-service  time  less  than  l4  per 
cent,  but  would  raise  costs  by  nearly  $150  million  a  year. 

Turning  to  Figs.  5  euid  6,  we  consider  the  costs  for  complete 
systems.  Including  orbiting  satellites,  terminal  stations,  and  a 
Data  and  Management  Center  for  each  system.  These  "coii^>lete  system" 
costs  are  the  level  annual  costs  taken  from  Tables  9>  10,  and  31.; 
and  Figs.  5  and  6  may  be  regarded  as  graphical  sunaarles  of  these 
tables.  The  "con5)lete  system  costs"  are  the  costs  that  would  be  of 
Interest  to  a  single  corporation  or  consortium  of  corporations  that 
planned  to  finance  the  total  space  conaounicatlons  system,  including 
the  terminal  stations  (not  sioply  the  orbiting  satellites). 

corporation  operating  in  the  way  Just  mentioned  would  also 
be  Interested  in  the  costs  of  the  system  Data  Control  and  Management 
Center.  These  costs  are  given  in  Table  10,  but  they  are  so  small 
cocpared  with  the  costs  of  the  orbiting  systems  that  they  would 
scarcely  affect  the  curves  shown  in  Fig.  U,  and  for  siit^llclty  we 
have  omitted  these  system  Center  costs  in  this  figure. 


Millions  of  doll 


Fig.  4  —  Estimated  level  annual  costs  of  orbiting  systems, 

successive  technologies 
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Table  11  should  be  mentioned  here,  for  It  gives  the  costs  of 
the  7-station  regional  and  l6-station  global  networks  of  terminal 
stations  the  locations  of  which  are  indicated  in  Fig.  1  at  the 
beginning  of  this  report.  Figures  5  and  6  are  based  on  the  assump¬ 
tion  that  the  same  "mix”  of  stations  (and  therefore  the  same  average 
coat  per  station)  will  hold  for  larger  euid  smaller  numbers  of 
stations  as  well  as  for  the  particular  networks  costed  in  Table  11. 
This  is,  of  course,  only  an  approximation,  but  it  is  sufficiently 
accurate  for  the  purpose  of  showing  the  sensitivity  of  system  cost 
to  the  number  of  stations  in  the  network. 

Figures  5  aiid  6  display  two  families  of  curves:  (a)  cinrves 
for  various  stationary  systems,  sloping  gently  upward  to  the  right 
as  the  nuiiber  of  stations  is  increased,  euid  (b)  curves  for  random 
systems,  sloping  upward  more  steeply.  The  difference  in  slope  is 
due  to  the  greater  cost  of  the  temineLLs  in  the  random  systems.  It 
is  clear  that  for  both  regional  systems  (Fig.  5)  and  global  systems 
(Fig.  6),  the  year-C  stationary  satellite  systems  will  be  cheaper, 
when  available.  But  in  eeurlier  years  the  random  systems  with  small 
numbers  of  satellites  are  genersQly  less  costly  than  the  stationary 
systems,  particularly  for  networks  with  a  relatively  smeLll  number 
of  stations. 

For  regional  systems  of  year  B  (see  Fig.  5), 

6RB  Is  cheaper  than  2SB  for  9  stations  or  fewer 

9RB  is  cheaper  than  2SB  for  6  stations  or  fewer 

16rB  Is  costlier  than  2SB  for  any  number  of  stations 

For  global  systems  of  year  B  (see  Fig.  6), 

6RB  Is  cheaper  than  63B  for  36  stations  or  fewer 

16HB  Is  cheaper  than  6SB  for  26  stations  or  fewer 

Thus  if  a  satellite  corporation  wished  to  begin  operations 
earlier  than  year  C,  it  might  find  it  attractive  to  begin  as  early 
as  year  A  with  a  random  regional  system  with  relatively  few  stations, 
possibly  extending  it  to  a  small  global  network  after  year  B,  auid  by 
year  C  beginning  to  phase  stationary  satellites  into  the  system.  It 


4 


8 


12  16  20  24  28  32  W 

Numbtr  of  torminal  stations 


Fig.  6  —  Estimated  level  annual  costs  for  early 
global  systems,  by  number  of  terminols 
(includes  satellites,  terminal  statians,  and  Data 
and  Management  Center) 


40 


-56- 


should  be  remembered  that  the  choices  Just  described  are  critically 
dependent  on  the  assuiqptions  in  Table  8.  But,  leaving  aside  the 
particular  cost  estimates,  ve  think  that  the  problem  of  satellite 
system  choice  should  be  thought  of  as  a  sequence  of  decisions  of 
this  kind. 

An  important  point  to  keep  in  mind  in  such  a  sequence  of 
decisions  is  that  the  lifetime  of  a  ground  station  is  a  long  one  in 
relation  to  the  successive  advances  in  satellite  technology  that  we 
foresee.  A  given  network  of  terminals  will  serve  a  succession  of 
different  orbiting  systems.  When  a  terminal  station  network  is 
already  in  being,  the  choice  of  future  orbiting  systems  can  be  made 
as  if  the  existing  stations  represented  "sunk"  costs.  The  relevant 
cost  data  would  therefore  be  of  the  kind  represented  in  Fig.  U. 

terminal  stations  designed  for  use  with  random  satellites  can 
also  be  used  with  stationary  satellites. 
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IV.  DEt^Un)  AND  REVENUES 

WHAT  IS  THE  NORMAL  RATE  OF  GROWTH  OF  TELECOMMUNICATIONS  DEMMO? 

Long-distance  telephone  revenues  within  the  United  States  have 
been  increasing  since  the  end  of  World  War  II  at  a  rate  of  about  9 
per  cent  per  year.  This  is  not  a  hi^  rate  of  increase,  in  compar¬ 
ison  with  the  increase  of  the  output  of  coniparable  services.  For 
exaople,  the  output  of  the  electricity  auid  gas  industries  has  also 
Increased  at  a  rate  of  9  per  cent  per  year  in  the  post-War  years. 

It  is  less  easy  to  give  a  meaningful  estimate  of  the  "normal" 
rate  of  increase  of  the  use  of  overseas  teleconmunication  facili¬ 
ties.  Increases  in  the  volume  of  overseas  business  over  a  very  long 
period,  from  1930  on,  have  been  significantly  effected  by  the  reduc¬ 
tion  in  overseas  telephone  rates.  Real  rates  for  calls  to  London— 
dollar  rates  corrected  for  the  over-all  increase  in  the  price  level- 
are  now  only  13  per  cent  of  the  rates  in  1930;  that  is,  the  reed 
rates  have  fallen  by  8?  per  cent. 

More  recently,  since  1995,  the  overseas  teleconmunication 
industry  has  been  profoundly  affected  by  the  Introduction  of  the 
submarine  telephone  cable.  Deepwater  telephone  cables  were  intro¬ 
duced  SIS  early  as  1921  on  short  routes,  such  as  Florida  to  Cuba,  but 
the  real  era  of  overseas  cable  service  may  be  dated  from  Septesiber 
29,  1996,  when  the  first  transatlantic  cable,  between  the  United 
States  and  Britain,  was  placed  in  operation.  Since  that  time,  cable 
construction  has  advanced  rapidly.  It  now  appears  that  by  1969>  the 
overseas  telecocmunlcatlons  of  the  United  States  will  be  carried 
sdmost  entirely  by  -telephone  cable,  although  only  ten  years  before, 

In  1995,  they  were  carried  almost  entirely  by  high  frequency  radio 
(and  telegraph  cable).  Telephone  cable  systems  provide  a  much 
higher  quality  of  service  than  do  high  frequency  radio  systems.  The 
subsitution  of  cable-quality  service  for  hlc^- frequency  radio 
service  has  on  the  average  resulted  in  doubling  of  telephone  revenue 
minutes . 
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There  is,  therefore,  no  easy  way  to  assess  the  "norml"  or 
ordinary  growth  of  overseas  telecorminicatlons . 

It  has  been  estimated  that  from  1970  to  1980  the  number  of 
circuits  required  for  telecormaunication  facilities  would  triple, 
which  works  out  to  a  rate  of  increase  of  11. 5  per  cent  per  year.^ 

We  xmder stand  that  between  1970  imd  1980,  the  Ad  Hoc  Coiamittee '  s 
estimates  were  based  on  estimates  of  normal  growth,  assuming  no 
marked  change  either  in  prices,  in  the  adequacy  of  internal  communi¬ 
cations  in  foreigi  countries,  in  military  demand,  or  in  quality  of 
service. 

As  the  Ad  Hoc  Committee's  estimate  suggests,  there  Is  some 
reason  for  believing  that  conmunications  between  the  United  States 
and  other  countries  will  Increase  more  rapidly  than  comciunlcations 
within  the  United  States.  The  wealth  of  the  world  outside  the 
United  States  has  been  increasing  more  rapidly  them  the  vealth  of 
the  United  States  itself,  partly  because  of  ephemeral  factors  but 
partly  for  reasons  that  seem  likely  to  be  of  importance  In  the 
future.  The  telephone  statistics  themselves  furnish  evidence  of  the 
growth  of  the  world  outside  the  United  States  relative  bo  bhe  growth 
within  the  United  States.  On  January  1,  19!?1,  57  per  cent  of  the 
world's  telephones  were  in  the  United  States;  on  January  1,  I98I, 
ten  years  later,  only  52  per  cent  of  the  world's  telephones  were  in 
the  United  States.  Therefore,  if  9  per  cent  is  a  reasonable  esti¬ 
mate  of  the  annual  growth  of  internal  long-distance  revenues,  a 
somewhat  higher  rate  (say  11. 5  per  cent)  should  characterize  the 
annual  growth  rate  of  overseas  revenues. 

So  much  for  the  past.  What  of  the  future?  There  are  signs  of 
leveling  off  of  the  rates  of  increase  in  the  use  of  some  specific 
types  of  telecoDBunicatlon  service  (see  Appendix  E).  ErentusLlly, 
we  would  eigpect  the  rate  of  Increase  of  international  camaunicatlons 
to  level  off.  But  we  believe  that  during  the  time  period  of  Interest 


^'Report  of  the  ^  Carrier  Conmittee,"  Federal  CQnnunlca- 
tlons  Comnissloa,  Docket  Ho.  l^tOPU,  October  12,  I961. 
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in  this  study,  the  best  estimate  of  "normal"  growth  rate  is  very 
nearly  the  growth  rate  of  the  past.  For  the  reasons  stated  above, 
estimates  of  normal  rates  of  Increase  in  the  future  are  of  course 
subject  to  much  \ancertainty.  As  was  noted  in  an  earlier  study, ^  the 
factors  that  Influence  the  demand  for  overseas  comnunicatlons 
Include:  the  amount  of  international  trade  euid  travel;  the  level  of 
Incomes  throughout  the  world;  the  cost  of  devices  used  jointly  with 
long-distance  transmission  equipment,  such  as  computers,  facsimile 
apparatus,  and  closed- circuit  television;  and  the  size  and  number  of 
overseas  military  installations.  Prediction  about  any  of  these 
factors  is  hazardous.  While,  therefore,  our  best  estimate  of  the 
normal  rate  of  growth  of  overseas  telecomnunication  volume  is  11.5 
per  cent  per  year,  it  is  an  estimate  in  which  we  have  limited  con¬ 
fidence:  we  would  not  be  astonished  if  the  growth  rate  were  to  be 
as  high  as,  say,  15  per  cent,  or  as  low  as,  say,  8  per  cent  in  the 
next  ten  or  fifteen  years. 

WmT  WILL  BE  THE  DEMIND  FOR  OyERSEAS  TEIjECOWUHICATION  SERVICES, 

1962-1970? 

We  asked  above  about  the  "normal"  rate  of  increase  in  tele- 
coniDunlcatlons  demand.  Here  we  discuss  specif ic6d.ly  the  outlook  for 
the  next  few  years,  which  are  likely  to  be  chsoacterized  by  abnor¬ 
mally  large  rates  of  Increase  in  the  use  of  overseas  consnunlcation 
services. 

The  amount  of  overseas  telephone  message  traffic  is  likely  to 
continue  to  increase  from  now  until  the  end  of  1965  at  a  high  rate, 
say,  at  about  22  per  cent  per  year.  This  has  been  their  average 
annual  rate  of  increase  since  the  advent  of  the  submarine  cable. 

Our  main  reason  for  this  optimistic  forecast  is  that  the  era  of 
cable  building  is  by  no  means  over.  The  value  of  cable  systems  to 
be  Installed  in  the  three  years,  I963,  1964,  and  I965,  will  be  about 

Hfllllam  Heckling  and  Siegfried  Relger,  Conamications  Satel¬ 
lites;  An  Introductory  Su^ey  of  TechnolOQr  and  Economic  Promise, 
The  RAND  Corporation,  RH-^t69-NASA,  Septedber  I5,  1966,  pp.  ^9-30. 
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double  the  vadue  of  systems  installed  in  the  period  1956-1962. 
Cable-quality  service  will  become  available  on  routes  where  now  only 
high  frequency  reuiio  service  is  offered,  and  on  such  routes  we  may 
e:q>ect  the  number  of  revenue  minutes  to  double.  In  addition, 
existing  cables  on  some  routes,  especledly  the  routes  to  Hawaii  and 
Europe,  are  badly  overloaded;  some  demand  is  not  now  being  satisfied 
but  will  be  satisfied  when  more  facilities  are  available. 

Our  discussion  to  this  point  has  centered  on  telephone  calls 
(telephone  messages).  The  second  major  category  of  users  of  inter¬ 
national  telecoomLinlcation  facilities  consists  of  orgemizatlons 
which  lease  channels  from  international  telephone  carriers.  Govern¬ 
ment  agencies  and  international  telegraph  carriers  are  of  prime 
interest  here. 

Almost  all  of  the  overseas  military  traffic  that  is  handled  by 
commercial  telephone  systems  is  carried  over  private  channels  leased 
by  the  telephone  cosq)anles  to  the  Defense  Department,  and  therefore 
does  not  figure  in  the  revenues  from  telephone  calls. 

As  we  argue  in  Appendix  A  the  military  demand  for  commercial 
overseas  facilities  is  likely  to  coiqprlse  a  very  sizeable  share  of 
the  total  demand  by  196^.  Although  the  military  has  a  vast  connun- 
Icatlons  system,  its  international  network  is  in  the  main  a  high 
frequency  radio  network.  Two  things  have  happened.  First,  the 
military  is  shifting  from  use  of  its  own  system  to  use  of  the 
commercially-owned  cables.  Second,  Just  as  in  the  case  of  the 
civilians,  the  milltazy  is  at  the  same  time  greatly  increasing  its 
use  of  overseas  conaunlcations  because  of  the  advantages  that  cable- 
quality  circuits  afford. 

The  telegraph  carriers  are  in  much  the  same  position  as  the 
Defense  Department.  They  also  lease  channels  in  the  telephone 
coiqpany  cables  cmd  they  have  been  rapidly  Increasing  the  number  of 
such  leases.  The  reason  is  in  part  the  familiar  one  of  the  substi¬ 
tution  of  telephone  cable  service  for  high  frequency  radio  service. 
In  part,  it  is  also  a  matter  of  substituting  service  over  telephone 
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cables  for  service  over  telegraph  cables:  the  former  Is  cheaper. 

The  year  1965  Is  a  turning  point.  By  the  end  of  I965,  cable 
systems  radiating  out  from  the  United  States  will  have  reached  all 
points  of  significant  traffic  volume.  The  era  of  transition  to 
cable-quality  service,  with  all  that  entails  for  the  ordinary 
civilian  user,  for  the  Department  of  Defense,  and  for  the  telegraph 
cozopanles,  will  be  over. 

What  will  the  over-eill  demand  and  supply  position  be  in  1963? 
On  the  supply  side,  we  have  shown  in  a  separate  study^  that  the 
capacity  of  conmerclal  submarine  telephone  cables  will  nearly  tri¬ 
ple  between  the  end  of  I962  cmd  the  end  of  1963.  combined 

capacity  of  all  types  of  overseas  telecommunication  facilities  will 
probably  dovible.  Nevertheless,  the  Ad  Hoc  Carrier  Committee  con¬ 
cluded  that  "...communications  requirements  to  and  from  the  United 
States  until  1963...can  be  largely  acconmodated  in  present  and 
planned  submarine  cables  and  conventional  radio  systems.  New 

facilities  will  be  needed  to  meet  estimated  requirements  in  I963 
2 

and  thereafter." 

It  is  not  altogether  clear  whether  the  Ad  Hoc  Conmlttee 
Intended  to  litqply  that  new  facilities  would  be  needed  everywhere, 
or  on,  say,  the  important  North  Atlantic  route  only.  The  problem 
on  the  North  Atlantic  route,  in  sustaary,  is  that  the  circuits  are 
already  greatly  overloaded  and  that  the  csily  firmly-planned,  new 
transatlantic  cable  may  be  used  to  an  appreciable  extent  to  satisfy 
Department  of  Defense  requirements.  Elsewhere,  the  problem  of 
additional  capacity  appears  to  be  less  pressing.  For  exaople,  to 
Hawaii,  the  nuoiber  of  submarine  telephone  cable  voice  chaxmels 
terminating  in  the  United  States  and  Canada  will  be  236  or  more  by 
1963,  as  coopared  with  the  present  I46.  To  South  America  there  will 
be  160  telephone  cable  voice  channels  while  now  there  are  none. 

^R.  T.  Nichols,  Submarine  Telephone  Cables  and  International 
TelecomBunicat ions ,  The  RAND  Corporation,  RM-347^“RC,  PeV)ruary  1963* 

O 

"Report  of  the  AD  HOC  Carrier  Comnittee,"  op.  cit.,  p.  13 . 
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In  turning  to  the  period  1965-1970#  the  first  thing  to  note  is 
that  the  Ad  Hoc  Conmittee  continues  to  predict  a  very  sizeable 
Increase  in  demand.  The  Committee's  1970  requirements  seem  to  be 
about  three  or  four  times  as  great  as  our  estimates  of  1965  capac¬ 
ity.  We  understand  that  the  Conmittee  based  its  1970  requirements 
on:  (a)  the  "normal"  growth  of  traffic,  (b)  the  assumption  of  a 
rate  decrease  between  I965  and  1970,  and  (c)  the  assim5)tion  that  by 
1970  the  domestic  telephone  systems  of  foreign  countries  would  be 
brought  up  to  standard.  With  a  normal  growth  rate  of  11. 5  per  cent 
per  year,  the  first  factor  would  account  for  a  70  per  cent  Increase 
in  requii’ements.  The  effect  of  the  second  factor  (on  circuit  needs) 
depends  on  the  extent  of  the  price  reduction  and  on  the  elasticity 
of  demand. 

The  assuiqptlon  of  a  price  reduction  is  reasonable.  The  British 
price  for  calls  to  this  coimtry  ever  since  19h5  has  been  3  pounds 
sterling,  or  $8. to  at  the  present  rate  of  exchange.  Hy  comparison, 
the  American  rate  for  calls  to  Britain,  and  elsewhere,  is  $12.00. 

On  November  1,  196I,  the  Canadians  reduced  their  prices  for  calls 
to  the  United  Kingdom  from  $12.00  to  $9.00.  An  American  price 
]:*eductlon  probably  waits  only  on  the  provision  of  facilities 
adequate  to  supply  the  demeuid;  at  the  moment,  demand  at  the  existing 
price  seems  to  be  very  much  in  excess  of  supply. 

WHAT  REVENUES  COUU  A  COmjNICATIONS  SATELLITE  SYSTiH  EARN? 

To  arrive  at  an  estimate  of  the  potential  market  for  a  com¬ 
munications  satellite  system  Is  hazardous*  Some  of  the  difficulties 
have  edready  been  suggested,  such  as  type  of  use  (message  traffic 
and  leased  channels),  changes  in  rate,  etc.  Another  major  uncer¬ 
tainty  Is  that  the  new  capability  that  a  conmunlcatlons  satellite 
system  will  provide  (reed- time  wlde-band  capability  over  trans- 
oceazilc  distances)  may  bring  new  types  of  transoceanic  services  Into 
use  (television,  closed-circuit  television  conferences,  etc.).  In 
what  follows  ve  attempt  to  arrive  at  a  revenue  estimate  that  Is 
based  on  conventional  services  and  does  not  Include  these  novel 
types  of  transoceanic  services. 
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The  total  revenues  of  the  United  States  international  telephone 
and  telegraph  carriers  in  1961  were  on  the  order  of  $11*0,000,000. 

The  telephone  cornpeuiies  accounted  for  about  $50,000,000  of  the 
totaJ.  and  the  telegraph  companies  about  $90,000,000. 

This  total  is  not  very  meaningful  as  an  estimate  of  the  revenue 
that  might  be  obtained  by  a  carrier's  carrier — a  corporation  engaged 
solely  in  the  business  of  providing  overseas  facilities.  The 
greater  portion  of  the  services  provided  by  the  telegraph  conpanies 
and  a  significant  share  of  the  services  provided  by  the  telephone 
conpanies  sure  not  directly  related  to  long-distance  circuitry  or 
overseas  comnunicatlons  as  such.  A  complicating  factor  is  that  the 
portion  of  total  revenue  applicable  to  overseas  facilities  is 
clearly  dei)endent  on  the  type  of  service  rendered  (that  is,  tele¬ 
phone  message,  telegraph,  or  leased  channel). 

For  the  purpose  of  estimating  the  revenues  attributable  to  the 
demand  for  the  services  of  overseas  facilities,  it  is  appropriate 
to  focus  on  the  year  I965.  First,  by  I965  the  telephone  cable 
systems  will  have  been  extended  to  Include  all  points  of  hi^  or 
potentially  high  traffic  volume;  and  second,  by  I965  most  of  the 
nonvoice  (record  or  telegraph)  as  well  as  voice  communications  will 
be  carried  overseas  in  the  main  by  telephone  cable. 

Available  data  on  revenues  in  recent  years  apply  to  revenues 
collected  by  international  carriers  in  the  United  States,  and  some¬ 
times  to  the  total  revenues  collected  by  all  carriers  providing 
services  to  and  from  the  United  States.  For  our  purposes  we  will 
assume  that  the  i>ertlnent  revenues  in  connection  with  a  conmunlca- 
tions  satellite  system  for  traffic  originating  or  terminating  in  the 
United  States  are  the  totail  revenues. 

On  this  basis  our  studies  lead  to  the  following  results: 

1.  The  revenues  fzvm  channels  in  the  telephone  cables 
leased  to  the  Federal  Government  and  to  the  inter¬ 
national  telegraph  carriers  will  probably  be  on  the 
order  of  $^,000,000  by  I965.  This  revenue  comes 
from  traffic  originating  and  terminating  in  the 
United  States. 
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Thls  calculation  rests  on  two  assumptions,  first,  that  the 
Department  of  Defense  will,  in  fact,  take  up  the  number  of  channels 
that  It  now  foresees  as  its  requirements  (see  Appendix  A),  and, 
second,  that  the  rate  for  leased  channels  will  be  about  half  the 
1961  rate  (about  $120,000  for  a  transatlantic  channel).  In  defense 
of  this  second  as3uitq)tlon,  It  should  be  noted  that  existing  rates 
are  not  closely  related  to  costs  of  additional  capacity,  mainly 
because  on  Amerlcan-ovned  routes  the  actual  existing  capeuslty  is 
far  less  than  that  required  to  sustain  demand  at  the  going  rates. 
The  Canadians  have  already  cut  leased  channel  rates,  in  some  in¬ 
stances  by  30  per  cent. 

Revenues  from  leased  telephone  channels  axe  quite  directly 
related  to  circuit  requirements.  A  dollar ' s  income  from  leased 
telephone  channels  is  a  dollar  that  might  accrue  to  a  carriers' 
carrier.  For  exainple,  on  the  Alaskan  cable  system,  9^  per  cent  of 
the  leased  telephone  channel  revenue  is  allocated  to  the  services 
of  the  cable  system  itself,  and  only  5  per  cent  to  the  provision  of 
other  services. 

Qy  1965 >  there  will  almost  surely  be  a  substantial  nuniber  of 
telephone  voice  channels  leased  to  individuals.  Until  I962,  such 
leases  were  of  negligible  importance,  accounting  for  only  1  per 
cent  of  the  total  revenues  fran  leased  voice  channels.  However,  by 
May  1962,  lease  of  channels  to  private  Indlvidiials  and  to  private 
corporations  accounted  for  6.^  per  cent  of  the  total  revenue  from 
leased  channels  (the  government  share  fell  from  99  pcr  cent  to 
93.5  per  cent).^  We  understand  that  the  telephone  company  expects 
to  lease  channels  to  private  entities  as  rapidly  as  fhclllty 
expanslm  permits. 

We  have  not  attempted  to  estimate  the  revenues  from  channels 
leased  to  private  entitles.  It  is  more  convenient  to  start  with 


Connlttee  on  Foreign  Relations,  U.  3.  Senate,  87th  Congress, 
Second  Session,  Communications  Satellite  Act  of  19^^  U.  S.  Govern¬ 
ment  Printing  Office,  Washington,  D.  C.,  1962,  p.  444. 
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the  message- service  revenues  of  I96I,  and  on  the  basis  of  the  22 
per  cent  per  year  Increase  that  we  foresee  through  estimate 

the  message- service  revenues  of  that  year.  The  result  will  be  an 
overestimate  of  actual  message-service  revenues  In  that  year, 
because  In  fact  by  1965  some  of  the  revenues  that  would  otherwise 
be  message-service  revenues  will  be  private-line  revenues.  But 
this  difference  Is  of  small  consequence  for  present  purposes. 

2.  We  estimate  that  the  total  overseas  1965  telephone 
message  revenue  will  be  of  the  order  of  $180,000,000, 
with  a  volume  of  calls  somewhat  less  than  7> 000, 000. 
Again,  these  nunibers  refer  to  telephone  messages 
originating  and  terminating  In  the  United  States.  Of 
this  revenue  we  allocate  $120,000,000  to  the  overseas 
facilities  proper. 

There  Is  no  really  satisfactory  method  for  distinguishing  the 
revenues  attributable  to  the  provision  of  overseas  facilities  from 
the  revenues  attributable  to  the  provision  of  local  or  domestic 
facilities.  However,  for  present  purposes.  It  suffices  to  estimate 
the  costs  of  providing  the  local  or  domestic  services,  which  are 
about  $8  per  message,  or  a  total  of  $60,000,CXX),  and  to  aiUocate 
the  revenues  over  and  above  these  costs,  that  Is,  $120,000,000,  to 
the  services  of  the  overseas  facilities.  In  defense  of  our  esti¬ 
mate  of  $8  per  call  for  local  service  In  I965  we  note  that  on 
routes  where  overseas  calls  are  becoming  routine,  with  direct 
operator  dlcU.lng,  prices  for  a  station  call  of  average  length 
(7**l/2  minutes),  night  and  Sunday,  are  as  low  aa  $10.50.  All  calls 
to  Europe  are  still  person-to-person.  However,  this  year,  direct 
operator  dialing  of  calls  to  many  European  countries  will  be  intro¬ 
duced;  eventually,  although  perhaps  not  by  1965,  they  may  be 
handled  as  casually  as  long-distance  calls  now  are  within  the 
United  States. 

3*  Thus,  the  portion  of  the  total  revenue  in  1965  due 
to  overseas  traffic  originating  and  terminating  In 
the  united  States  and  applicable  to  overseas 
facilities  Is  estimated  at  $160,000,000. 

4.  Prom  1965  to  1975  we  look  forward  to  a  normal 
growth  rate  of  11. 5  per  cent  per  year,  as 
discussed  earlier. 
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5.  Finally,  we  add  30  per  cent  to  allow  for  traffic 
which  neither  oricinates  nor  terminates  in  the 
United  States. 

In  i960,  such  traffic  was  about  30  per  cent  of  total  commercial 
traffic;  for  the  1965-1975  time  period,  one  micht  estimate  a  smaller 
proportion,  say  25  per  cent,  because  of  the  very  heavy  contribution 
of  the  U.  S.  Depairtrnent  of  Defense  to  traffic  originating  or  ter¬ 
minating  in  the  United  States.  On  the  other  hand,  as  pointed  out 
earlier,  the  niariber  of  telephones  abroad  has  increased  more  rapidly 
than  in  the  United  States. 

6.  We  assume  that  the  revenue  of  interest  to  a 
cORDunications  satellite  system  Is  the  portion 
that  represents  an  increase  over  the  revenue  in 

1965. 

Because  it  costs  very  little  to  repair,  maintain,  and  operate 
submarine  telephone  cable  systems,  and  because  they  are  deslgied  to 
operate  free  of  serious  trouble  for  a  period  of  20  yeaxs  or  so,  it 
is  plausible  to  assume  that  the  volume  of  traffic  that  exists  in 
1965  will  continue  to  be  carried  over  conventional  systems,  whether 
or  not  coDmunlcation  satellite  systems  are  available  as  of  that 
date.  The  revenues  that  the  1965  volume  of  traffic  will  afford  in 
the  years  after  I965  will  be  less,  perhaps  considerably  less,  than 
the  revenues  derived  from  this  volume  of  traffic  in  I965.  The 
reason  is  that  in  all  likelihood  the  capacity  of  overseas  tele- 
comounlcatlon  facilities  will  be  greatly  expanded,  at  relatively 
low  cost,  with  a  resulting  reduced  revenue  per  unit  of  capacity. 
Apart  from  the  cost-reducing  innovations  promised  by  communications 
satellite  systems,  the  subrnsrlne  telephone  cables  that  could  easily 
be  available  in,  say,  1968,  will  cost  only  l/lO  of  the  cost  of  the 
cables  avedlable  in  I96I.  Hence,  the  additional  revenue  in,  say, 
1970,  attributable  to  the  provision  of  new  facilities  since  I965, 
would  be  somewhat  larger  (perhaps  much  larger)  than  the  difference 
between  the  1970  revenues  and  the  1965  revenues.  However,  we  have 
purposely  erred  on  the  low  side. 

The  results  are  suzoaarlzed  as  estimated  revenues  in  Table  12. 
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Table  12 

REVEl^UE  ESTIMATE,  I965,  1970,  1975 
(millions  of  dollars) 


1965 

1970 

1975 

Revenue  from  traffic 
originating  and  terminating 
in  the  United  States 

160 

270 

l<80 

Worldwide 

210 

350 

620 

Increase  over  I965 

iko 

410 

Note; 

Ibese  revenues  are  those  that  would  be  collected  by  adl 
international  ccurriers,  \diether  using  satellites  or  other 
means  of  communication. 
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As  we  have  noted  eeirller  we  would  not  be  astonished  to 
experience  a  growth  rate  of  8  per  cent  or  15  per  cent  in  the  1965- 
1975  time  period,  although  we  believe  the  11. 5  per  cent  growth  rate 
is  a  reasonable  estimate.  The  dependence  of  po3t-1965  revenues  on 
the  growth  rate  is  shown  in  Fig.  7*  The  increase  in  revenue  over 
the  1965  figure  may  be  regarded  as  the  potential  market  for  a 
communication  satellite  system. 

We  wish  to  mention  a  few  other  significant  topics.  It  is  of 
relevance  to  assess  the  distribution  of  I965  revenues  to  and  from 
the  United  States  by  route. 


To  Europe  ^1.7 
To  Hawaii  and  the  Pacific  32.7 
To  the  Caribbean,  Central  and 

South  America  23. 0 
Miscellaneous  2.6 


Total  100.0 


It  should  be  noted  that  our  estimates  of  revenues  1965  to  1975 
exclude  revenues  on  circuits  to  Alaska,  the  Bahamas,  and  Cuba. 
Alaska  is  now  served  by  microwave,  as  is  the  continental.  United 
States.  The  Bahamas  auid  Cuba  are  served  by  tropospheric  scatter 
propaigatlon  systems,  which  at  small  cost  may  be  expanded  to  the 
equivalent  of  several  hundred  voice  channels,  and  which  can  carzy 
television  programs.  The  routes  to  both  these  plaices  seem  there¬ 
fore  to  be  more  akin  to  domestic  routes  tham  to  the  usuail  overseas 
routes. 

To  turn  specifically  to  the  prospects  for  revenues  for  a  com¬ 
munications  satellite  system,  much  depends  on  the  alternatives 
avad.lable  to  the  caurrlers.  A  third-generation  cable  system  is 
already  very  much  within  the  state  of  the  aurts,  and  if  we  have 
calculated  correctly,  such  a  system  should  be  able  to  cauny  a  3- 
minute  station- to- station  message  from  the  cable  terminal  station 
on  this  side  of  the  Atlantic  to  the  cable  terminal  station  in,  say, 
Britain,  at  a  cost  of  75  cents. 


-70- 


We  have  not  considered  for  the  time  i)eriod  of  this  study  the 
use  of  cornraunications  satellite  systems  for  high  density  overland 
routes,  such  as  between  the  East  and  West  Coast  in  the  United  States. 
Such  use  might  bring  in  some  extra  revenues,  because  peak  loeids  over 
such  routes  occur  at  different  times  than  over  transoceanic  routes 
(for  example,  over  the  Atlantic).  This  subject  deserves  further 
study. 

Finally,  an  unknown  factor  of  in^porteuice  is  the  volume  of 
demand  by  the  military.  We  have  estimated  that  Department  of  Defense 
requirements  would  account  for  at  least  20  per  cent  of  the  1965 
revenues  attributable  to  the  provision  of  overseas  services,  and 
(implicitly)  the  sane  proportion  in  later  years.  In  1959>  the  then 
chairman  of  the  Federal  Conmunications  Conmission,  John  C.  Doerfer, 
recarked  that, 

. . .a  leurge  proportion  of  the  leased- channel  revenues 
comes  from  U.  S.  Government  customers,  particularly 
the  Defense  Establishment.  Such  Government  leases 
are  subject  to  cancellation  on  30  days'  notice. 

Changes  in  the  international  situation,  or  in  con¬ 
gressional  appropriations,  can  drastically  reduce 
the  reqiilrements  for  such  leased  facilities  and  the 
revenues  resulting  from  such  services.  Similarly, 
if  the  defense  agencies  were  to  supply  their  own 
facilities  the  revenue  of  the  carriers  could  be 
diminished  drastically.^ 

Mr.  Doerfer  was  speaking  specifically  of  the  international  telegraph 
carriers,  but  his  remarks  are  equally  applicable  to  any  international 
carrier. 

Throughout  this  discussion,  ve  have  limited  ourselves  to  more 
or  less  conventional  demands  placed  on  telephone  and  telegraph 
systems.  One  need  not  be  an  enthusiast  to  recognize  that  new  uses 
for  new  pixjducts  are  often  discovered  only  after  the  new  product  has 
been  produced.  The  history  of  invention  is  replete  with  examples  of 


^Committee  on  Interstate  and  Foreign  Comaerce,  U.  S.  Senate, 
86th  Congress,  First  Session,  Merger  of  International  Telegraph 
Carriers,  U.  S.  Government  Printing  Office,  Washington,  D.  C.,  1959, 

p.  27. 
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ideas  and  products  for  which  no  eajrthly  use  could  be  discovered 
before  the  product  was  actually  put  in  operating  condition.  Some¬ 
times  an  idea  works  in  a  field  quite  distinct  from  that  for  which  it 
was  intended.  It  is  possible  that  in  the  specific  case  of  the  com¬ 
munications  satellite  systems  there  may  be  some  misguided  enthusiasm.^ 
On  the  other  hand,  although  we  cannot  now  identify  the  reason  or  the 
source,  we  may  expect  with  some  confidence  that  the  future  will 
reveal  one  or  more  major  new  uses  for  services  such  as  those  a  com¬ 
munications  satellite  system  could  provide.  Certainly  the  subnarine 
telephone  cable  systems  created  some  part  of  their  own  demand;  no 
less  should  be  expected  from  communications  satellites. 


See  the  discussion  of  this  in  L.  L.  Johnson,  The  Counercial 
Uses  of  Satellite  Systems,  The  RAND  Corporation,  P-2601,  June  I962. 
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V.  SYSTEM  coar  VERSUS  SYSTEM  REVENUE 


Having  discussed  systems  cost  in  Section  III  and  estimated 
revenues  in  Section  IV,  we  can  now  turn  to  the  question:  "V/hen  can 
a  communications  satellite  system  pay  for  Itself?" 

If  we  knew  at  what  time  a  system  would  reach  the  technological 
levels  (A,  B,  C)  postulated  in  Table  8,  we  could  answer  this  question 
within  the  uncertainties  of  ouir  cost  smd  revenue  estimates.  But  we 
have  no  way  of  knowing  exactly  when  year-C  reliabilities  vrill  be 
reached  with  either  of  the  two  types  of  system  (random  or  stationary) 
discussed  earlier.  Only  actual  experience  with  satellites  in  orbit 
can  provide  answers  here.  Ftor  this  reason  we  shaJ.1  consider  the 
question  from  the  other  point  of  view,  that  is,  "in  a  given  year, 
what  performance  must  a  system  have  so  that  its  costs  do  not  exceed 
its  revenues  in  that  yeeir?" 

We  will  (somewhat  arbitrarily)  choose  the  year  I97O  as  the 
year  of  comparison,  simply  because  it  is  likely  that  at  that  time  a 
satellite  system  will  be  in  operation.  Furthermore  we  will  concen¬ 
trate  our  attention  on  the  Atlantic  area,  the  region  where  a  satel¬ 
lite  system  is  expected  to  become  operational  first. 

For  1970  the  totSLl  worldwide  revenue  applicable  to  new  overseas 
communications  facilities  (the  excess  over  1965  revenue)  was  esti¬ 
mated  at  $ll*0  million,  of  which  about  $70  million  could  come  from 
the  Atlantic  area.  We  will  assuise  that  the  ground  stations  (of  the 
7-3tation  regional  network  postulated  earlier)  aure  so  located  that 
most  of  the  treifflc  that  is  the  source  of  this  revenue  can  be 
handled,  provided  the  system  has  sufficient  channel  capacity. 

Inspection  of  Figs.  ^  auad  6  (pages  ^4  and  35)  shows  that  sevearal 
possible  system  configurations  have  level  costs  of  about 

$70  million  or  less.  Taking  into  account  the  oiost  significant 
factors  only,  one  reaches  these  comclxislons: 

(1)  A  regional  random  system  having  in-service  times  of  93  per 
cent  or  more  must  reach  development  level  B,  that  is,  a  satellite 
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lifetlme  of  three  years,  before  its  axm\ial  costs  fall  below  the 
$70  million  postulated  for  Atlantic  area  revenues  in  1970. 

(2)  A  regional  stationary  system  will  meet  this  condition  by 
1970  if  the  lifetime  of  the  satellites  reaches  about  one  year  by 
then. 

(3)  For  the  costs  of  globcLl  systems  to  fetLl  below  the  $l40  mil¬ 
lion  estimated  for  worldwide  revenues,  both  the  random  and  statl«iary 
satellites  must  reach  development  levels  between  B  cmd  C:  in  the 
random  system,  because  of  the  relatively  hl^  costs  of  ground  sta¬ 
tions;  and  in  the  stationary  system,  becaiise  of  the  cost  of  placing 
additional  satellites  in  orbit  so  as  to  extend  from  regional  to 
global  coverage. 

(4)  Once  stationary  satellites  reach  development  level  C 
(that  is,  three  years  lifetime  in  orbit)  the  stationary  system 
sho\ild  be  q\ilte  profitable. 

In  relating  the  three  development  levels  to  the  revenxies  of  the 
year  1970,  it  is  essential  to  note  that  we  assume  no  substantial 
additions  to  the  cable  network  after  19^5  *  Any  such  additions  would 
svihtract  revenues  from  a  satellite  system. 

Finally,  it  is  clear  that  any  satellite  system  that  becomes 
operational  by  about  19S3  could  earn  some  revenue  immediately,  and, 
on  the  North  Atlantic  route,  probably  substantial  revenues. 
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Appendlx  A 

.MILITARY  USE  OF  COMKUNICATIOH  FACILITIES 
LOCAL  AND  OVERSEAS  SERVICE 

Among  the  various  entities  furnishing  communication  services, 
the  United  States  Department  of  Defense  ranks  second  only  to  AT&T. 

The  undepreciated  value  of  the  investment  by  the  military  in  its 
communications  plant,  from  the  end  of  World  War  II  until  early  1959> 
vas  $1,019,000,000  [Merger,  p.  177]^  In  contrast,  the  gross  cost 
of  the  communication  plant  of  all  of  our  telegraph  carriers,  including 
those  furnishing  domestic  service  as  well  as  those  furnishing  inter¬ 
national  service,  was  $538,000,000  on  December  31;  1959  [F^C  CCS,  1959; 
P-  3]- 

The  military  communications  cooiplex  serves  many  areas  that  are 
not  reached  by  commercial  communications  facilities.  A  good  example 
Is  the  Arctic  area,  where  we  have  both  Important  bases  and  early 
warning  systems  such  as  the  DEW  line  and  SMEWS. 

The  military  agencies  have  also  pioneered  in  the  development  of 
service  in  sparsely  populated  areas.  An  exaniple  is  the  Alaska 
Communications  System,  formerly  operated  by  the  Signal  Corps,  but 
now  oi)erated  by  the  Air  Force.  The  Alaska  Communications  System 
provides  service  to  civilleuis  as  well  as  to  the  military. 

In  addition  to  the  plant  owned  and  operated  by  the  military, 
there  cure  communications  systems  owned  by  commercial  companies  but 
operated  by  the  military.  One  exaople  is  the  cable  from  Seattle  to 
Ketchikan,  Alaska,  installed  and  owned  by  AT&T,  but  installed  with 
the  intent  of  leasing  the  entire  cable  system  to  the  Alaska  Communi¬ 
cations  System.  Another  exacple  is  the  microwave  system  up  the  Alcan 
Hi^way,  constructed  and  owned  by  Canadian  coopanles,  b\xt  leased,  in 
large  part,  to  the  U.S.  Air  Force  [Merger,  pp.  I80-18I]. 


^Sources  cited  here  by  short  title  in  brackets  [  ]  are  given 

in  full  at  the  end  of  this  Appendix. 
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Finally,  the  Department  of  Defense  makes  substantial  use  of 
commercial  communications  facilities  both  ovned  and  operated  by  com¬ 
mercial  companies.  The  military  has  Instigated  the  development  of 
many  commercial  systems.  We  have  elsewhere  noted  the  influence  of 
milltjury  demand  on  the  timing  of  the  AT&T  submarine  cables 
[RM-3472-HC,  pp.  8-10].  Military  demands  have  also  affected  the 
development  of  systems  within  the  United  States,  and  within  and  amcaig 
various  foreign  nations.  The  Defense  Department  has  to  some  extent 
subsidized  the  development  of  commercially  owned  facilities  within 
Europe  end  the  Middle  East  [Merger,  p.  l8^] ,  and  probably  elsewhere  as 
well. 

Secretary  McNaaiara  testified  in  I962  that  the  Defense  Depart¬ 
ment  bill  for  the  use  of  commercial  conmunications  facilities  is 
$180,000,000  or  more  [Cansat,  p.  30*^]*  Oils  figure  is  all-inclusive. 
Including  not  only  the  bill  for  service  between  the  Ikilted  States 
and  foreign  points,  but  also  the  bill  for  service  within  the  United 
States  and  for  service  between  points  abroad. 

In  STimmary,  for  service  everywhere  in  the  world.  Including 
local  service  as  well  as  long-distsuice  service,  the  Defense  Depart¬ 
ment  now  pays  $180,000,000  a  year  to  conmerciaJ.  companies  and,  in 
addition,  it  makes  xase  of  its  own  plant  with  a  value  on  the  order  of 
$1,000,000,000. 

OVERSEAS  SERVICE 

Our  explicit  information  on  the  use  of  overseas  telecommunica¬ 
tion  facilities  by  the  Defense  Department  is  rather  meager,  and  per¬ 
haps  in  consequence  it  also  appears  to  be  self -contradictory.  How¬ 
ever,  because  of  the  importance  of  the  subject,  we  will  set  forth 
ovir  "best  estimate"  of  the  truth  of  the  matter. 

By  1965,  we  believe  that  the  bulk  of  military  oversees  traffic 
will  be  carried  over  commercial  channels.  This  was  not  the  case  a 
few  years  ago.  In  April  1959#  Colonel  W.  W.  Bailey,  then  the  Chief 
of  the  Communications  Systems  Division,  Ifaited  States  Air  Force, 
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testified  that  in  "...the  Department  of  Defense,  In  the  transocean 
ccxnmunications  hiisiness  today,  about  79  percent  of  vhat  we  have  is 
military-owned  and  operated.  About  21  percent  of  the  total  is 
leased  today"  [Merger,  p.  175] • 

Hie  advent  of  the  overseas  submarine  telephone  cable  system  is 
the  factor  mainly  responsible  for  the  increased  use  of  commercial 
facilities  by  the  Defense  Department .  !Ilie  first  such  system  was 
put  into  service  September  25,  1956.  Since  that  time  the  overseas 
private  line  revenues  (excluding  the  revenues  from  channels  leased 
to  the  telegraph  carriers)  of  AT&T  have  Increased  rapidly: 


1956 

$  188,000 

1957 

717,000 

1958 

1,358,000 

1959 

3,120,000 

19^ 

4,237,000 

6,231,000 

1961 

These  data  Include  the  revenues  from  private  lines  leased  to  in¬ 
dividuals,  but  in  1961  individual  leases  accounted  for  only  one  per 
cent  of  the  total.  Ihe  remaining  private -line  leases,  99  per  cent 
of  the  whole  in  I961,  were  lesises  to  the  Federal  Government.  We 
believe  that  the  lesises  to  the  Federal  Government  were  almost  en¬ 
tirely  leases  to  the  Defense  Department  (and  to  NASA). 

The  distribution  (approximate  for  1962)  of  the  private  lines 


leased  by  AT&T  to  the  Federal  Govemnent  is  as 

follows : 

1961  average 

December  1,  1962 

To 

Europe 

20.5 

28.5 

TAT-1 

10.5 

15.5 

lAT-2 

10 

10 

Csintat 

0 

3 

To 

Hawaii  (cable) 

11 

11 

To 

Puerto  Rico 

Cable 

2 

1 

i- 

HF  Radio 

1 

1 

[Tabulation  continued  on  p.  78] 
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1961  average  December  1,  1962 


To  Bermuda  g 

Cable  0 

HP  Radio  6 

To  tie  Bahamas  (OH 
Rallo)  1 

Grand  total  hO . 5 


13 

1 


1 

57.5 


As  of  December  1,  I962,  of  the  57-5  channels  leased  to  the  Federal 
Govemnent,  5^-5  were  cable  channels,  2  were  hi^  frequency  radio 
channels,  and  1  was  a  troposjAieric  scatter  channel.  Ihe  explanation 
of  the  small  rtuniber  of  lines  leased  in  the  cable  to  Puerto  Rico  is 
that  the  Air  Pbrce  has  its  own  cable  there,  as  part  of  the  facili¬ 
ties  of  the  Atlantic  Missile  Reuige.  An  extension  of  the  Air  Force 
cable  system  in  the  Caribbean  is  to  be  completed  early  this  year 
[Tel  Rpts,  3/5/62,  p.  38] . 

A  question  that  has  aroused  much  attention  is  that  of  the  pro¬ 
portion  of  cammeircial  overseas  facilities  that  are  used  by  the  De¬ 
partment  of  Defense.  Secretary  McNamara,  testifying  in  I962,  said, 
"If  I  recall  the  figures  correctly,  we  utilize  about  25  percent  of 
the  total  intercontinental  connaercial  coDnunicatlons  capacity  and, 
hence,  the  overhead  costs,  a  large  percentage  of  which  we  would 
otherwise  have  to  absorb  ourselves  were  we  to  be  operating  an  ex- 
clvisively  military  system,  are  shared  with  the  commercial  customers 
who  form  75  percent  of  the  total  trad’fic"  [Comsat,  p.  305] .  nils 
porportlon  is  somewhat  hi^er  than  we  have  been  able  to  find.  It 
is  conceivable  that  the  Secretary  wais  referring  to  the  cable  capacity 
on  the  North  Atlantic  route;  ais  of  December  1,  I962,  AT&T  had  avail¬ 
able  for  its  use  112  voice  channels  in  the  cables  on  this  route,  of 
which  28.5,  or  25  per  cent,  were  leeised  by  the  Federal  Governnent. 


Summing  over  all  routes,  it  appears  to  us  that  the  Federal 
governnent 's  use  of  overseas  commercial  communication  facilities 
wais  on  the  order  of  15  per  cent  in  I962.  In  this  count,  we  exclude 
traffic  and  facilities  to  Alaska,  Cuba,  and  the  Bahamas,  but  Include 
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traffic  and  facilities  to  points  like  Puerto  Rico  and  Hawaii.  On 
the  routes  included,  we  count  not  only  the  voice  channels  on  the 
telephone  cable  facilities  but  also  the  equivalent  voice  channels 
on  the  telephone  and  telegraph  compemies '  hi^  frequency  radio 
facilities  and  the  telegraph  cables.  Uie  count  of  channels  used 
by  the  Federal  Governnent  Includes  channels  leased  from  the  tele¬ 
graph  companies  as  well  as  the  telephone  companies,  and,  in  addi¬ 
tion,  the  equivalent  number  of  channels  used  by  the  Federal  Govern¬ 
ment  for  ordinary  telephone  message  or  telegraph  message  purposes . 

By  1965 >  we  envisage  a  greatly  expanded  use  by  the  Defense 
Department  of  commercial  overseas  facilities.  The  number  of  private 
lines  leased  by  the  Department  in  telephone  cables  at  that  time  may 
be  of  the  following  order: 


To  Europe  6U 
From  Hawaii  westward  6h 
To  Hawaii  96 
To  the  Canal  Zone,  etc.  20 
To  Bermuda  20 
To  Caribbean  points  and  Venezuela  20 


In  part,  these  estimates  rest  on  the  Department  of  Defense  require¬ 
ment  for  capacity  in  units  of  kilocycles,  equivalent  to  16  (3-kc) 
voice  channels;  the  requirement  was  first  set  forth,  to  our  knowledge, 
in  1959  [Merger,  p.  290],  and  it  was  re-iterated  in  the  Department 
of  Defense  1962  policy  statement  " Industry -Department  of  Defense 
Cooperation  in  Satellite -Based  Telecommunications"  [Comsat,  p.  291]* 
The  question  then  is  the  nvunber  of  such  units  required  by  route.  We 
have  el8e\diere  argued  that  as  many  as  6h  cheuinels  are  required  to 
Europe  and  westward  from  Hawaii  [RM-3472-RC,  p.  10].  To  Hawaii  proper, 
we  Imeigine  that  an  additional  32  cheuuiels  will  be  needed  to  serve 
traffic  terminating  there.  For  the  Canal  Zone,  we  eissume  that  the 
Depeurbment  will  reqvilre  its  basic  unit,  or  16  voice  chcumels;  the 
Canal  Zone  cable  will  seirve  other  points,  to  which  we  assume  a 
requirement  of  4  voice  channels.  The  estimate  for  Bermuda  allows  for 
the  leasing  of  an  eiddltional  6  lines  by  1963.  Finally,  the  estimate 
for  Caribbean  points  is  mainly  a  guess,  supported  somewhat  by  the 
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AT8eT  statement  of  a  military  requirement  for  12  voice  channels  in  a 
Puerto  Rico-Antigua  cable  to  be  built  by  AT8sT  [ATfieT  applications  to 
the  PCC  for  the  Puerto  Rico-Antigua  cable,  October  2k,  i960,  revised 
December  9>  i960]. 

In  summary,  by  I965,  the  requirements  of  the  Depeurtment  of  Defense 
on  overseas  point-to-point  facilities  will  be  supplied  mainly  by 
commercially  owned  submarine  telephone  cable  systems.  This  generali¬ 
zation  does  not  apply  to  systems  serving  special  ptirposes,  such  as 
command  and  control  and  support  of  the  Atlantic  Missile  Range.  In 
1965,  about  30  per  cent  of  the  voice  channels  in  submarine  cables 
available  to  AT&T  will  be  tised  by  Defense  (and  NASA).  This  propor¬ 
tion  is  not  "normal";  by  1970,  the  proportion  may  be  20  per  cent, 
which  is  more  typical. 

THE  DEFENSE  DEPARIMEIfr  EXPENDITURES  FOR  OVERSEAS  SERVICES 

Of  the  total  of  $180,000,000  given  by  Secretary  McNamara  as  the 
expenditure  by  the  Defense  Department  for  the  use  of  commercial 
comovinlcatlon  facilities,  $19,000,000  was  spent  for  "Intercontinental 
charges  for  commercial  purposes"  [Comsat,  p.  295;  see  also  pp.  300, 

30U,  and  307]- 

This  amount  appears  to  be  rather  hl^  In  contrast  with  the  pay- 
laent  of  only  $6,000,000  or  so  to  AT&T  for  leased  lines  In  I96I.  The 
explanation  Is  that  the  Defense  expendltuz’e  Includes  not  only  payments 
to  AT&T  for  leased  lines  but  also  payments  to  the  telephone  companies 
at  the  other  or  foreign  end  of  the  lines  leased  from  AT&T;  It  adso 
Includes  payments  to  domestic  and  foreign  telegraph  conpanles  for 
leased  telegraph  channels;  It  Includes  payments  for  foreign  telephone 
and  telegraph  cospenles  for  such  intercontinentsil  sez^ces  as  they 
render  our  Department  of  Defense  (for  example,  London  to  the  Middle 
East);  and,  finally,  because  Defense  e;qpenditures  for  overseas  commer¬ 
cial  facilities  are  rising,  the  rate  of  expendlt\ire  the  Secretary  had 
in  mind  when  he  was  testifying  (August  I962)  probably  exceeded  the 
expenditures  in  196I. 
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Fbr  the  Federal  Government  as  a  whole  in  1961  (or  in  the  first 
quarter  of  1962),  the  payments  for  overseas  services  to  commercial 
coii^>anles  owned  by  United  States  interests  were  as  follows  (qusurberly 
data  converted  to  annual  rates): 

To  Western  Union,  RCA  Communications, 
and  American  Cable  &  Radio  Corporation 

For  leased  telegraph  channels  $  3,600,000 

For  message  service  emd  other  1,200,000 

Total  $  U, 800, 000 


To  AT&T 

Fbr  leased  channels 

For  message  seirvice  and  other 

Total 

Grand  total 


$  6,170,000 
1,580,000 

$  7,750,000 

$12,550,000 


[Source:  Comsat,  p.  except  AT&T  message  revenues;  AT&T  mess¬ 
age  revenues  supplied  by  private  communication  from  AT&T.] 


Of  this  total,  we  believe  that  about  $9,000,000  would  repre¬ 
sent  the  Defense  Department  bill  alone .  Mainly  because  in  I96I 
AT&T  happened  to  own  in  whole  or  almost  in  whole,  some  clrcTilts  it 
leased  to  the  Defense  Department,  the  share  of  forelgn-owned  tele¬ 
phone  and  telegraih  companies  In  the  Defense  Depaurtment  bill  Is 
not  equal  to  the  domestic  share;  it  is  on  the  order  of  $7,000,000. 

We  have  acco\anted,  more  or  less,  for  $16,000,000  of  the  $19,000,000 
mentioned  by  Secretary  McNamara.  The  remaining  $3,000,000  may 
represent  payments  to  foreign  telephone  and  telegraph  companies  for 
Intercontinentail  services  rendered  abroaid,  or  in  part  it  may  reflect 
the  difference  between  the  axmual  rate  of  expenditure  in  mld-1962  and 
the  year's  bill  for  1961. 
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REFERENCES  cited  in  APPENPn  A 


Comsat:  Cooinlttee  on  Foreign  Relations,  United  States 

Senate,  87th  Congress,  Second  Session,  Com¬ 
munications  Satellite  Act  of  1962.  U.S.  Gov¬ 
ernment  Printing  Office,  Washington,  D.C., 

1962. 


FCC  CCS  (with  year):  An  annual  publication  of  the  Federal  Communi¬ 
cations  Commission,  U.S.  Government  Printing 
Office,  Washington,  D.C.  nurou^  19^6,  the 
publication  vas  called  Statistics  of  the  Com¬ 
munications  Industry  In  the  United  States; 
starting  with  the  1997  yearbook,  the  name  vas 
changed  to  Statistics  of  Communications  Common 
Carriers.  The  publication  Is  usually  referred 
to  as  "FCC  Common  Carrier  Statistics.” 


Merger: 


RM-3l*72-RC 


Tel  Rpts: 


Committee  on  Interstate  and  Foreign  Commerce, 
United  States  Senate,  86th  Congress,  First 
Session,  Merger  of  International  Telegraph 
Carriers .  U.S.  Government  Printing  Office, 
Washington,  D.C.,  1959> 

R.  T.  Nichols,  Submarine  Telephone  Cables  and 
International  Telecommunications.  The  RAND 
Corporation,  RM-3W2-RC,  February  1963* 

Telecommunications  Reports.  Washington,  D.C., 
weekly. 
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Appendlx  B 

WORID  OVERSEAS  TEIEPHOHE  TRAFFIC  IN  I960 

The  data  In  this  section  are  taken  from  a  special  study  prepared 
hy  AT*T,  "Estimated  Overseas  Telephone  tfessage  Traffic,  i960, "  October 
1961  (mimeographed) .  In  this  study,  traffic  is  identified  by  ori¬ 
ginating  and  terminating  points,  \Jhile  in  other  reports  traffic  is 
identified  by  relay  points,  vhich  may  or  may  not  be  identical  with 
country  of  origin  or  destination. 

Europe.  Excluding  traffic  to  and  from  North  America,  there  were 
377<000  messages  originating  or  terminating  in  Europe,  with  distribu¬ 
tion  by  area  of  destination  or  origin  as  follows: 


South  America  3U,000 
Africa  170,000 
Middle  East  and  South  Asia  110,000 
North  Asia  (Japan,  etc.)  l6,000 
Oceania  (Australia,  New  Zealand)  4-7,000 
Alaska  and  Hawaii  1,  200 


377,000 

Because  of  rounding  errors,  the  details  may  not  exactly  sum  to  the 
totals. 

This  count  of  European  overseas  traffic  omits  traffic  between 
France  and  North  Africa,  which  may  run  as  high  as  a  million  or  more 
messages  a  year.  It  Includes  traffic  of  the  Conmunlst  nations,  which 
have  about  6.5  per  cent  of  the  total  number  of  telephones  in  Europe. 
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South  America.  Excluding  traffic  to  and  from  North  America, 
there  vere  36^000  messages  originating  or  terminating  in  South  America, 
of  vhich  34,000  messages  originated  or  terminated  in  Europe. 

Africa.  Excluding  traffic  to  and  from  North  America  and  traffic 
between  France  and  North  Africa,  there  were  198,000  messages  originat¬ 
ing  or  terminating  in  Africa,  distributed  by  area  of  origin  or  destina- 


tlon  as  foZLlorws: 

Europe 

170,000 

South  America 

300 

Middle  East  and  South  Asia 

9,500 

Morth  Asia 

12,000 

Oceania 

6, 500 

Alaska  and  Hawaii 

negligible 

198,000 

Mlddle  East  and  South  Asia,  nils  area  includes  Turkey,  Israel, 
India,  Malaya^  Indonesia,  and  many  other  countries.  Excluding  North 
American  tz-affic,  there  were  173,000  messages  originating  or  terminat¬ 
ing  in  the  Middle  East  and  South  Asia,  distributed  by  area  of  origin 
or  destlna'tlon  as  follows: 


Europe 

110,000 

South  America 

i(00 

Africa 

9,500 

North  Asia 

49,000 

Oceania,  Alaska,  cuid  Hawaii 

4.700 

173,000 

In  addition,  there  were  42,000  overseas  messages  originating  and 
terminating  within  the  area. 
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Horth  Asia.  Excluding  North  American  traffic,  there  were  89,000 
messages  originating  or  terminating  in  North  Asia,  distributed  as 
follows : 


Europe 

16,000 

South  America 

800 

Africa 

12,000 

Middle  East  and  South  Asia 

49,000 

Oceeuila 

8, 300 

Alaska  and  Hawaii 

3,600 

89,000 

In  addition,  there  were  108,000  overseas  messages  originating  and 
terminating  within  the  area.  Of  these  intra-area  messages,  80,000 
messages  were  exchanged  between  Japan  and  the  remainder  of  the  area, 
and  28,000  messages  within  the  North  Asian  area  excluding  Japan. 

Of  the  89,000  messages  exchanged  between  this  area  and  other  areas, 
41,000  originated  or  terminated  in  Japeui,  emd  48,000  originated  or 
terminated  in  the  remainder  of  the  area— China,  Philippines,  Hong  Kong, 
Korea,  etc. 

Oceania.  In  terms  of  number  of  calls,  this  area  may  be  practically 
defined  to  cosqprlse  Australia  and  New  Zealand.  Ihere  were  3^^000  mes¬ 
sages  between  Australia  and  New  ZesQand.  Excluding  this  intra-area 
traffic  and  North  American  traffic,  there  were  70,000  messages  originat¬ 
ing  or  terminating  in  Oceania,  distributed  as  follows: 
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Europe 

47,000 

South  America 

1,200 

Africa 

6,  500 

Middle  East  and  South  Asia 

4,700 

North  Asia 

8, 300 

Alaska  and  Hawaii 

2,800 

70,000 

Alaska  and  Hawaii.  Excluding  North  American  and  intra-area 
traffic,  there  vere  only  8,000  messages  between  Aleiska  and  Hawaii  and 
the  rest  of  the  world. 

Recapitulation.  Excluding  traffic  to  and  from  North  America, 
there  were  662,000  overseas  telephone  messages  originating  and  terminat¬ 
ing  in  the  remainder  of  the  world,  distributed  as  follows: 


Europe  to  South  America 

34,000 

to  Africa 

170,000 

to  Middle  East  and  South  Asia 

110,000 

to  North  Asia 

16,000 

to  Oceania,  Alaska,  and  Hawaii 

48,200 

Africa  to  South  America 

300 

to  Middle  East  and  South  Asia 

9,500 

to  North  Asia 

12,000 

to  Oceania,  Alaska,  and  Hawaii 

6,500 

Middle  East  and  South  Asia 

to  South  America 

400 

to  North  Asia 

49,000 

to  Oceeuila,  Alaska,  and  Hawaii 

4,700 

to  intra-area  points 

42,000 

North  Asia  to  South  America 

800 

to  Oceania 

8,300 

to  Alaska  and  Hawaii 

3,600 

106,000 

to  Intra-area  points 

Oceania  to  South  America 

1,200 

to  Alaska  and  Hawaii 

2,800 

to  Intra-area  points 

35,000 

Hawaii  to  Alaska 

1,120 
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The  relative  Importance  of  each  area  and  subarea,  in  terms  of 
overseas  telephone  traffic,  can  most  readily  be  shovm  by  counting 
each  message  twice,  once  at  the  point  of  origin  and  once  at  the 
point  of  destination: 

Europe  377^  000 


United  Klngdon 

Continental  Europe 

183,000 

194,000 

South  America 

36,000 

Africa 

198.000 

Union  of  South  Africa 

Rest  of  Africa 

73,000 

125,000 

Middle  East  and  South  Asia 

257,000 

Middle  East  (Turkey,  Israel, 
etc. ) 

South  Asia  (Iran  to  Indonesia) 

53,000 

204,000 

North  Asia 

305,000 

Japan 

China,  Hong  Kong, 

Philippines,  etc. 

121,000 

184,000 

Oceania 

141,000 

Australia 

New  Zealand,  etc. 

91,000 

50,000 

Alaska  and  Hawaii 

10,000 

Alaska 

Hawaii 

<\J  CO 

1, 324,000 

The  main  conclusions  that  may  be  drawn  from  these  tabulations 

are: 

(l)  South  America  has  very  little  traffic  with  the  world  out¬ 


side  of  North  America. 
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(2)  The  United  Kingdom  alone  has  almost  half  the  traffic  of  all 
Europe  to  points  outside  of  North  America. 

(3)  The  British  Commonwealth  is  a  very  in5)ortant  factor  in 
traffic  other  than  North  American  traffic.  Uiis  conclusion  emerges 
much  more  strongly  when  allowance  is  made,  as  it  is  not  made  above, 
for  circuit  length  and  hence  total  revenues. 

(4)  Traffic  to  and  from  the  Asian  countries  is  far  from  neg¬ 
ligible,  especially  in  comparison  with  the  traffic  to  and  from  South 
America. 

(5)  Japeinese  traffic  does  not  dominate  the  traffic  from  other 
nearby  Asiatic  countries.  It  appears  that  on  a  revenue  basis  Japanese 
trsiffic  might  be  equal  to,  but  is  probably  less  than,  traffic  to  and 
from  China,  Hong  Kong,  Korea,  the  Philippines,  etc. 

North  American  and  World  Traffic.  Tlie  number  of  overseas  tel¬ 
ephone  messages  originating  or  terminating  in  North  America  in  i960 
was  2,^30,000.  Hence,  of  the  world  total  number  of  messages  of 
3,192,000,  North  America  accounted  for  80  per  cent,  TSie  continental 
United  States  alone  accounted  for  70  per  cent;  in  other  words,  70 
per  cent  of  the  world's  overseas  telephone  traffic  originated  or 
terminated  in  the  continental  United  States. 

inie  count  of  North  American  traffic  Just  given  omits  traffic 
among  the  various  North  American  countries.  In  particular,  it  emits 
traffic,  often  cleisslfled  as  overseas  traffic,  between  the  continental 
United  States  (and  Canada  and  Mexico)  and  Central  America,  Bermuda, 
Bahamas,  Cuba,  Puerto  Rico,  Jamaica,  and  other  West  Indian  islands; 
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as  veil  as  traffic  that  originated  and  terminated  in  the  West  Indies 
and  Central  America. 

There  are  one  or  two  reasons  that  suggest  that  traffic  to  the 
West  Indies  from  the  remainder  of  North  America  should  be  omitted 
from  the  count  of  world  traffic — in  particular,  if  the  aim  is  to 
assess  the  standing  of  the  United  States.  These  reasons  are;  first, 
traffic  from  France  to  North  Africa,  and,  in  addition,  traffic  from 
the  United  Kingdom  to  Norway,  Sweden,  Denmark,  Iceland,  Germany,  and 
other  continental  points--all  carried  by  submarine  telephone  cable-- 
is  omitted;  second,  much  of  the  traffic  to  the  West  Indies  is  very 
short  haul,  shorter  than  the  haul  from  Marseilles  to  Algiers:  half 
the  traffic  with  the  West  Indies  originates  or  terminates  in  Cuba 
and  the  Bahamas,  scarcely  a  stone's  throw  away  by  cable  or  tropo¬ 
spheric  scatter  from  Florida. 

We  revert,  then,  to  the  world  overseas  telephone  message  count 
of  3, 192,  CXX).  Counting  each  message  twice,  the  total  is  6,384,000, 
with  distribution  as  follows; 


United  States  (continental) 

2,  281, 000 

;  35.7^) 

Rest  of  North  America 

249,000 

3.9^6) 

Europe 

1,517,000 

23.8^) 

South  America 

288,000 

4.5^6) 

Africa 

207,000 

3.25&S 

Middle  East  and  South  Asia 

287,000 

North  Asia 

446,000 

7.05^) 

Oceania 

181,000 

2.856) 

Alaska  and  Hawaii 

927.000  ( 

6,384,000  (100. 05^) 

This  tabulation  may  be  read  in  either  one  of  two  ways.  First,  if  we 
are  Interested  in  the  proportion  of  world  traffic  that  originates  or 
terminates  in  any  one  area,  we  double  the  i)ercentages  shown;  for  the 
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United  States,  the  result  Is  71*^  per  cent.  Second,  if  we  are 
interested  in  the  participation  in  world  telephone  revenues  by  the 
carriers  of  any  one  area,  ve  simply  read  off  the  percentages  as  shown 
(on  the  ass\in®tion  that  the  revenues  on  traffic  to  emd  from  each  area 
are  divided  half -euad -half  vith  foreign  carriers);  for  United  States 
ceurriers,  the  result  is  35-7  per  cent. 


i 
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Appendix  C 

OVERSEAS  TELEPHONE  TRAFFIC  TO  AND  FROM  THE  UNITED  aCATES  IN  I96I 


Number 

Revenues  of  all  carriers 

of 

(and  per  cent  of 

Areas 

messages 

total  revenue) 

Total  all  areas  4,317,162  $87,950,900  (100.0«&) 


and  nearbi 


1,225,406 


Great  Britain 

398,737 

Germany 

279,190 

France 

173,688 

Italy 

85,146 

Switzerland 

72,364 

Netherlands 

43,210 

Sweden 

29,828 

Belgium 

27,404 

Denmark 

20,282 

Spain 

19,792 

Norway 

16,288 

Austria 

14, 302 

Greece 

13,648 

Israel 

10,820 

Portugal 

4,288 

Poland 

3,177 

Turkey 

3,138 

U.A.R.  (Egyptian  Sector) 

2,951 

Finland 

2,807 

Russia 

2,762 

Saudi  Arabia 

1,584 

39,120,000  (  hk.%) 


Note:  Each  point  of  coranunication  may  be  either  (1)  the  foreign 
country  or  overseas  point  of  destination  or  origin  of  the  call  ^ 

(2)  an  intermediate  country  or  overseas  point  throu^  which  th  w*tii 
is  relayed  onward.  Therefore,  the  niuhber  of  calls  reported  herein 
with  respect  to  a  pea^icular  place  is  not  necessarily  the  nuniber  of 
calls  originating  or  terminating  with  that  place.  The  absence  of 
certain  foreign  coxmtriee  in  the  above  listing  indicates  that  no 
direct  cable  or  radio  telephone  service  was  provided  therewith  in 
1961.  Any  calls  that  may  have  been  handled  with  such  countries 
during  1961  axe  included  in  the  traffic  of  the  intermediate  country 
through  which  indirect  service  was  rendered. 

The  revenues  shown  in  this  Appendix  are  the  total  revenues 
received  by  all  communication  corapanies,  not  Just  the  half  of  the 
revenues  that  are  retained  by  United  States  concerns.  The  message 
covmt  includes  both  incoming  and  outgoing  messages.  This  material  was 
prepared  especially  for  RAND  by  ATSfl?  and  that  company's  cooperation 
is  gratefully  acknowledged. 
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Number 

Revenues  of  all  carriers 

of 

(and  per  cent  of 

Areas 

messages 

total  revenue) 

292,620  $4,01+0,000  (  l+.6?i) 

175,215 
50,018 
30,971 
11, 702 
8,330 
7,461+ 

4,754 

3,639 

527 


Cuba 

688, 192 

6,210,000  (  7.1^) 

Puerto  Rico  St  Virgin  Islands 

493,161 

7,860,000  (  8.9^) 

South  America 

191, 402 

4,830,000  (  5.5^) 

Venezuela 

44,071 

Argentina 

39,687 

Brazil 

32,398 

Colombia 

30,830 

Peru 

18,081 

Chile 

11,522 

Ecuador 

7,220 

Uruguay 

5,999 

Surinam 

1,594 

Central  America 

104,778 

1,690,000  (  1.9^) 

Panama 

37,768 

Guatemala 

18,360 

Costa  Rica 

14,701 

Nlcsragua 

13,270 

Honduras 

10,815 

El  Salvador 

8,468 

British  Honduras 

1,396 

Northeast  Asia 

136, 4o4 

4,110,000  (  4.7^) 

Japan 

79,002 

Korea 

16,281 

Hong  Kong 

13,535 

Guam 

11,743 

Okinawa 

10,930 

Fonaosa 

4,898 

China 

15 

Caribbean  Sea 

Bahamas 

Jamaica 

Dominican  Republic 

Trlnldeid 

Barbados 

Haiti 

Curacao 

Aruba 

Martinique 
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Areas 

Number 

of 

messages 

Revenues  of  all  carriers 
(and  per  cent  of 
total  revenue) 

Southeast  Asia 

23,559 

$  600,000  (  0.7^) 

Philippines 

Viet  Nam 

Indonesia 

Malaya 

18,845 

1,827 

1,444 

1,443 

South  Pacific 

27,367 

740,000  (  O.Bf,) 

Australia 

Nev  Zealand 

Tahiti 

22,195 

4, 384 
788 

Hawaii 

568,121 

9,960,000  (11.3^) 

Alaska 

450,610 

7,740,000  (  6.6^) 

Miscellaneous 

68,933 

1,050,000  (  1.2^) 

Bermuda 

Union  of  South  Africa 
Iceland 

Ascension 

61,958 

3,636 

2,252 

1,087 

Overseas  to  Overseas 


46,609 
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Appendlx  D 

I^UMBER  OF  TELEPHONES  IN  SERVICE  BY  COITTINEirilAL  AREAS, 
JANUARY  1,  1961 


NuEiber 

Per  cent  of 
world  total 

North  Arierica 

79,830,600 

56.3 

Middle  America 

1,075,900 

0.8 

South  America 

3,337,600 

2.3 

Europe 

U3, 172, 700 

30.5 

Africa 

2,005,300 

1.4 

Asia 

9,053,1^ 

6.4 

Oceania 

3,224, 500 

2.3 

World 

141,700,000 

100.0 

United  States 

74,342,000 

52.4 

Source: 

"The  World's  Telephones,  196I,"  .'Unerlcan  Telephone 
and  Telegraph  Conqpany,  New  York  [I962]. 
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Appendix  E 

IHTERNATIOMAL  TEI£X  AMD  DATA  SERVICE 

Record  and  data  trajnsmission  sejrvices  currently  being  offered 
on  intercontinental  links  include,  in  addition  to  message  telegraph 
and  facsimile  transmission,  message  teletypewriter  exchange  service 
(telex),  message  datatelex  (the  covinterpaxt  of  telex  in  the  data 
transmission  field),  and  private  line  telegraph  service.  These  last 
three  are  interrelated.  A  very  large  consumer  will  rent  a  telegraph 
circuit  rather  than  pay  message  rates  for  telex  service. 

The  revenue  of  the  U.S.  international  telegraph  carriers  from 
telex  service  has  been  increasing  at  a  yearly  average  rate  of  about 
1+0  iier  cent  (195^  to  19^1).  Datatelex  service  was  inaugurated  only 
in  September  I962.  Revenue  from  telegraph  circuits  leased  to  con¬ 
sumers  by  the  telegraph  carriers  has  increased  at  a  rate  of  about 
10  per  cent  a  year  since  1956.  In  1961,  telex  revenues  were 
$9,700^000  and  leased  telegraph  circxilt  revenues  were  $8,600,000. 

A  growth  rate  of  1+0  per  cent  is  an  impressive  rate.  Hiere  is 
every  reason  to  believe,  however,  that  the  rate  of  increase  during 
the  period  1956  to  I96I  will  not  be  sustained  in  the  future.  The 
high  rates  of  growth  of  recent  years  reflects  the  fact  that  a  latent 
demand  for  such  a  service  heis  been  developing  over  a  long  period  of 
time  and  heis  suddenly  been  accommodated.  The  international  exi^erlence 
with  telex  gives  some  idea  of  this  phenomenon.  International  telex 
traffic  involving  the  United  Kingdom  grew  at  a  rate  of  55  per  cent 
per  year  dxuring  the  period  1952-1955J  the  rate  of  increase  fell  to 
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about  12  per  cent  by  i960.  For  Germany,  telex  traffic  increased  at 
42  per  cent  per*  year  during  the  period  1952- 1955 J  the  rate  of  increase 
fell  to  16  per  cent  in  i960  and  11  per  cent  in  I96I.  In  Japan,  which 

received  telex  service  only  in  1956,  traffic  doubled  from  1957  to 

1958,  but  increased  by  only  42  per  cent  from  i960  to  196I.  In  the 

United  States,  the  increase  in  telex  service  revenue  from  i960  to 

1961  was  only  32  per  cent — perhaps  an  indication  of  the  slackening 
of  the  rate  of  increase  to  come. 

The  overseas  circuits  req\aired  t  o  handle  the  I96I  volume  of 
telex  biasiness  were  trifling  in  ccxnparison  with  the  circuits  reqviired 
for  message  telephone  service.  Circuit  reqiiirements  for  message 
telephone  service  were  greater  than  requirements  for  telex  service 
by  at  least  20  to  1. 

There  has  been  much  speculation  as  to  the  extent  of  the  future 
market  for  "broadband"  or  "rapid"  data  transmission.  Several  points 
should  be  mentioned  here.  First,  both  broadband  and  rapid  are 
relative  terms .  Consnonly,  a  broadband  data  circuit  utilizes  the 
bandwidth  of  one  voice  channel.  In  terms  of  speed  of  transmission, 
the  standard  rate  on  telegraph  circuits  is  60  words  per  minute; 
datatelex  service,  using  one  voice  channel,  is  offered  coomonly  at 
the  equivalent  rate  of  1500  words  per  minute.  Second,  we  cannot 
foresee  a  commercial  demand  dxirlng  the  next  decade  for  real  time 
Intercontlnentad.  data  transmission  at  speeds  that  voxild  require  the 
bandwidth  of  a  large  number  of  voice  channels.  A  very  large  number 
of  channels  are  required  only  for  linking  computers  for  simultaneous 
solution  of  problems.  On  the  other  hand,  computer  systems  can  be 
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programmed  and  data  supplied  over  the  bandwidth  of  a  single  voice 
channel. 

The  demands  of  the  Defense  Department  axe  another  story.  For 
several  years,  the  Defense  Departiaent  has  shown  an  interest  in  very 
■broadband  and  very  rapid  channels  of  a  bandwidth  equivalent  to  that 
of  l6  ordinary  telephone  voice  chaiuiels.  These  channels  are  intended 
to  transmit  data  at  a  rate  of  4o.8  kilobits  per  second,  which  works 
out  to  about  90,000  words  a  minute.  The  very  broadband  channels  are 
also  to  be  used  for  voice  transmission. 

It  is  interesting  to  see  what  circuit  requirements  of  the  future 
might  be,  if  demand  for  telex  and  datatelex,  whether  expressed  as 
demand  for  message  service  or  as  demeuid  for  private  line  service, 
were  to  continue  to  increase  at  a  rate  of  40  per  cent  per  year.  In 
19  years,  by  I98O,  the  demand  would  have  increased  580-fold.  If, 
however,  the  growth  rate  were  to  be  more  modest,  only  20  per  cent  per 
year,  by  I980  the  demand  would  have  increased  only  32-fold.  Circuit 
requirements  for  telex,  etc.  are  now  somewhat  less  than  5  per  cent 
of  circuit  requirements  for  telephone  message  service;  if  each  in¬ 
creases  at  a  rate  of  20  per  cent  per  year,  the  ratio  of  circuit  re¬ 
quirements  still  remains  1  to  20.  However,  if  telex,  etc.  demand 
were  to  increase  at  the  rate  of  40  per  cent,  and  telephone  message 
service  at  the  rate  of  only  20  per  cent,  the  I98O  circuit  require¬ 
ments  for  telex,  etc.  would  be  almost  as  great  (90  per  cent)  as  the 
circuit  requirements  for  telephone  messages.  An  Important  qualifica¬ 
tion  is  that  these  calculations  arc  based  on  the  assumption  of  no 
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change  in  the  circuit  requirements  per  telex  message  relative  to  the 
circuit  requirements  per  telephone  message. 

Two  or  three  points  sure  worthy  of  mention: 

(1)  Except  for  service  to  faraway  points  of  small  traffic  den¬ 
sity,  all  services  offered  by  our  international  telegraph  ceirrlers, 
including  message  telegraph,  facsimile  transmission,  telex,  and  data- 
telex,  will  in  the  near-term  future  be  carried  in  telephone  con^any 
cables.  The  telephone  coii5)any  will  lease  voice  channels  to  the  tel¬ 
egraph  companies.  The  telegraph  companies  in  turn  will  use  these 
voice  channels  for  message  service  (telegram,  telex,  or  datatelex), 
or  they  will  rent  telegraph  circuits  within  the  voice  chaxanel  to 
individual  customers.  Hence,  a  double  leasing  may  be  involved,  one 
lease  from  the  telephone  company  to  the  telegraph  company,  and  a 
second  lease  from  the  telegraph  company  to  the  customer. 

(2)  The  distinction  between  voice  and  nonvoice  or  record  ser¬ 
vice  will  be  increasingly  obliterated  in  the  future.  Voice  channels 
may  now  be  rented  for  alternative  voice  and  record  service,  at  the 
pleasure  of  the  customer.  The  very  broadband  service  that  the  Defense 
Department  is  conten^jlating  will  be  used  for  both  voice  and  record 
service. 

(3)  Ttechnological  innovation  is  likely  to  have  a  much  more  pro¬ 
found  effect  on  the  circuit  requirements  for  telex  and  datatelex  than 
on  the  circuit  requirements  for  telephone  service.  Early  this  year. 
Western  Union  filed  an  application  with  the  FCC  that  suggested  that 
the  cOTipany  contenqilated  very  soon  the  obtaining  of  44  telegraph 
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channels  from  one  telephone  voice  channel  rather  than  the  customary 
22.  Other  improvements,  not  too  far  off,  are  likely  to  increase 
several-fold  the  quantity  of  information  that  cam  be  transmitted  i)er 
unit  of  frequency  bandwidth. 


